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RANKING OF AIR FORCE HEATING PLANTS RELATIVE TO
THlE ECONOMIC BENEFIT OF COAL UTILIZATION

F. P. GriFfin R. S. llolcomb
J. P. Thomas J. M. Young

ABSTRACT

The Defenve Appropriations Act of 1986 requires the
Department of Defense to use an additional 1.6 million tons
of coal per year at their U.S. facilities by 1995. It also
states that the most economical fuel should be used at each
facility. To comply with this act, the United aLes Air
Force requested Oak Ridge National Laboratory to evaluate the
feasibility and economics of using coal at Air Force heating
plants that currently burn natural gas and/or oil. A life-
cycle cosL analysis of 16 heating plants was performed, and
the results were used to rank the facilities from best to
worst according to their potential for economical utilization
of coal. As many as 12 different coal combuation technolo-
gies were analyzed at each Air Force site. Also, two Lypes
of financing and three levels of fuel escalation were exam-
ined in the analysis for a total of six economic scenarios.
The heating plants at Arnold, Kelly, Grand Forks, Hinot,
Robins, Plattsburgh, and McGuire Air Force bases were consis-
tently identified as the top seven facilities for coal con-
version, but the actual amount of cost savings will be
strongly dependent on future fuel escalation rr es.

1. EXECUTIVE SUHARY

1.1 BACKGROUND

The Defense Appropriations Act of 1986 (PL 99-190 Section 8110)

requires the U.S. ')epartment of Defense (DOD) to use an additional

1,600,000 short tons per year of coal at their U.S. facilities by 1995.

It also states that the most economical fuel should be used at each

facility. To comply with this act, the United States Air Force re-

quested Oak Ridge National Laboratory (ORNL) to evaluate the fee "ility

and economics of replacing gas- and/or oil-firing at Ar Forte heating

plants with coal-firing.
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In a previous sLudy by ORNL,1 commercial and near-com orcial coal-

burning technologies applicable to conversion of Air Force facilitics

were reviewed. The capital, operating, and mnaintenancu costs for these

coal technologies were esLimated generically for typicdl heating plant

installations, trom which cost equLions were formulated and puL into a

cost-estimating compuLer model for use in subsequent tasks. For com-

parison, the computer model also included cost estimates for gas- and

oil-fired boilers.

In a second study by ORNL0 2 Air Force inSLallations that currently

burn significant quanLities of gas and/or oil were reviewed to determine

a list of 15 to 20 candidate sites for conversion to coal. Experience

has shown that. small heating plants (annual average fuel usage <30
HBtu/h) will be unable to burn coal economically in the near future.

Using this fuel-use criteria as a cuLoff oint, in conjunction with a

simple economic analysis based on the use of uniform present worth

factors, a list was developed consisting of 16 Air Force siteS that

could potentially use coal with a cost savings.

1.2 DESCRIPTION

In &his reporL, the 16 Air Force sites mentioned above were e-alu-

ated further to determine their relative potrncial for cost savings

through coal utilization. The types of projects examined were ones that

incorporate coal-firing to meet only the base load of a given heating

plant; it was assumed thAt gas and/or oil would continue to be used for

peaking and backup requirements. Commercial and near-commercial coal

combustion technologies were evaluated, including technologies for both

refitting and replacing existing boilers. As many as 12 coal technology

options were considered for each Air Force site.

An economic analysis was performed using the cost-estimating com-

puter model that was developed during an earlier task of the project,

together with a newly developed life-cycle cost (LCC) computer model.

The economic results were evaluated by calculating a benefit/cost ratio

for each coal-conversion option at each site. In this study, the term

"benefit" is used to refer to cost avoidance (i.e., the cost of con-

Linued operation of an existing system) rather than cost savings (i.e.,
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the difference between the cost of an existing system and the cost of a

new system). The benefit/cost ratio is therefore defined as the LCC of

the portion of the existing gas- or oil-fired system that would be dis-

placed by coal, divided by the LCC of the new coal-fired system. The

16 Air Force sites were then ranked from best to worst according to the

benefit/cost ratios for the most cost-effective coal technology at each

site.

The LCC results were found to be very sensitive to the assumed fuel

escalation rates; therefore three separate escalation scenarios were

examined. These three escalation assumptions represent high, medium,

and low cases for escalation of gas and oil prices relative to coal

prices. The high fuel escalation case was developed from DOD guidelines

for energy-dependent economic analyses. 3 These DOD escalators are based

directly on the Annual Energy Outlook 1986 report, published by the

Energy Information Administration (EIA) of the U.S. Department of Energy

* (DOE).4 The DOD fuel escalation scenario just described will be

referred to as the "nominal" case.

* The second fuel escalation scenario was developed from the recently

published Annual Energy Outlook 1987 report.5 The 1987 projections for

fuel escalation are somewhat lower than the 1986 projections, and they

represent a medium fuel escalation scenario. This second set of escala-

tors is referred to as the "AEO 1987" fuel escslators. A third escala-

tion scenario was also examined; simply assuming zero escalation of fuel

prices.

In addition to the three assumptions for fuel escalatior., two types

of financing were examined: Air Force-owned and -financed projects and

privately owned and financed projects. The combinations of fuel escala-

tion and type of financing produce six economic scenarios that have been

examined. Tables 1.1 and 1.2 summarize the ranking results for the most

cost-effective coal-conversion project (highest benefit/cost ratio) at

each site.

1.3 RESULTS AND RECOa OATIONS

Tables 1.1 and 1.2 show that the three fuel escalation scenarios

have a very significant effect on the calculated benefit/cost ratios for
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Table 1.1. Swa4ry of Air lorcc-financed project results
fur the most cost-elfective technology

"so"inal" fuel "Ato $I" tuel Zero fuel
escalation escalatlon escalation Projected

Base antfiLI 8enefitl Onefit coil use

cost Rank cost Rank COIL Rank (olyer)
ratio ratio ratio

Arnold 2.141 1 1.616 1 1.;91 1 23,650
Kelly 1.798 2 1.369 2 1.022 3 16,010
inoL 1.743 3 1.346 3 1.01 4 12,160

Robins 1.737 4 1.330 5 1.00) 6 17,270
McC" ire 1.643 5 1.264 7 0.950 1 13,220
Crand Forks 1.632 6 1.345 4 1.057 2 13,$00
PlAttabur~h 1.562 7 1.281 6 1.011 5 16,340
feasta 1.540 8 1.196 a 0.917 10 13,060
Tinker 1.532 9 1.151 II 0.8640 14 45,610
1mendorfb 1.527 10 1.146 12 0.851 12 154,370

Hill 1.466 11 1.141 14 0.614 13 23,560
Scott 1.473 12 1.141 13 0.854 11 13,730
Dover 1.434 13 1.188 9 0.947 8 12,470
Andrews 1.431 14 1.155 10 0.945 V 12,940
USAF Academy 1.339 15 1.038 15 0.790 16 24,90
HAnscoN 1.267 16 1.035 16 0.628 15 20,140

Total 433,110

ALCC results for Pease may be optimistic because of questionable

access to Inex nsive rail delivery for coal.

bLCC results fN £lmedorf may be optimistic because of questionable
availability of inexpensive coal.

Table 1.2. Suamdry of privately financed project results
for the most cost-effective ttehnology

"Nominal" fuel "AEO 87" fuel Zero fuel
escalation escalation escalation

Nals Benefit/ Benefit/ senefit/

Cost Rank cost Hank Cost rAnk
ratio ratio ratio

Arnold 1.946 1 1.468 1 1.077 1
Kelly 1.608 2 1.223 2 0.909 6
Robins 1.586 3 1.213 4 0.911 5
Minot 1.567 4 1.211 5 0.912 4
H'Cuire 1.482 5 1.140 7 0.854 7
Crand Prks 1.474 6 1.213 3 0.951 2
PlaLtsburih 1.425 7 1.168 6 0.918 3
£1mendor0 1.386 8 1.039 11 0.767 11

reaseb 1.384 9 1.075 8 0.820 10
Tinker 1.304 10 0.979 12 0.711 14
Dover 1.295 11 1.073 9 0.851 8
Andreus 1.287 12 1.066 10 0.846 9
Scott 1.263 13 0.978 13 0.729 13
Hill 1.252 14 0.961 14 0.710 15
lanscum 1.168 15 0.954 15 0.760 12
USAP Acadecy 1.152 16 0.894 16 0.678 16

aLCC reui.lts fur hlmendurl nDuy be uptimistic bcause of
questiunable tivailability of irexpelsiae cual.

bl.CC results f-,r Pease mAy be optimisLic becauSe uf

questionable acce:s to inexpensive rail delivery for coal.
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coal-conversion projects. There is much uncertainty associated with

future fuel prices, and caution should be used when interpreting the

results. A large number of projects appear to be economically viable

when the DOD fuel escalators ("nominal" case) are used, and only a small

number appear economical if zero Lual escalation is assumed. There are

no profound differences observed between the Air Force- and private-

financing cases; the benefit/cost ratios are only slightly higher for

Air Force financing.

Although the fuel escalation assumptions can greatly affect the

benefit/cost ratios, some consistency is observed regarding the ranking

of the Air Force sites. Arnold is consistently ranked first for all six

economic scenarios in Tables 1.1 and 1.2. The siLes ranked 2 through 7

include Kelly, Grand Forkt, Minot, Robins, PlatLsburgh, and HcGuire,

although their respective order changes. These seven sites are recom-

mended as the leading candidates for project implementation.

The potential coal usage listed in Table 1.1 shows that, with the

possible exception of Elmendorf, a relatively small amount of coal would

be used by any individual project when compared to the )OD target of

1,600,000 tons/year. Projects at the top seven Air Force bases would

consume only about 112,000 tons/year. Other types of projects, that

would use greater amounts of coal, such as cogeneration or increasing

heating loads through distribution system extensions, should be exam-

ined.

Noneconomic factors such as Air Force energy security, aesthetics,

and possible trfecLs on base missions have not been considered up to

this point. Obviously, these types of considerations must be factored

into future decision-making processes.
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2. INTRODUCTION

ORNL is supporting the Air Force Coal Utilization/Conversion Pro-

gram by providing the Air Force Engineering and Services Center (AFESC)

with a defensible plan to meet the provisions of the Defense Appropria-

tions Act of 1986 (PL 99-190 Section 8110). This Act directs the Air

Force to implement the rehabilitation and conversion of Air Force cen-

tral heating plants (either steam or high-temperature hot water (IITIIW)J

from natural gas- and/or oiL-firing to coal-firing, if a cost savings

can be realized. This directive applies to Air Force installations in

the contiguous 48 states and Alaska.

2.1 RELATED WORK

ORNL has been involved in the Air Force Coal Utilization/Conversion

Program since 1986. In a previous report by ORNL for AFESC,1 the full

range of commercial and near-commercial coal-burning technologies appli-

cable to the conversion of Air Force central heating plants was re-

viewed. General descriptions and characterization of each technology

are presented including the degree of commercialization or development,

combustion efficiency, environmental performance, applications, and

limitations. The capital and operating costs for these technologies

have been estimated for generic or typical heating plant installations.

These cost estimates were formulated into algorithms and put into a

spreadsheet computer program for use in subsequent studies.

In another report by ORNL,2 Air Force installations currently

burning significant quantities of gas and/or oil were reviewed. This

previous report was a screening study to find the installations most

suitable for coal use. Heating plants at 16 installations were id)nti-

fied as having enough potential for coal utilization with an economic

benefit to warrant further analysis. The 16 Air Force bases previously

identified are considered further in this report. More details of the

previoas screening study are explained in Chap. 3.

A complementary study for AFESC was completed recently by ORI Inc.

and C. II. Guernsey and Co. 6 That study examined central heating plants

at 34 selected Air Force bases. Leading candidate heating plants were
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identified for a few specific coal-conversion scenarios. Those sce-

narios fit into two categories: (1) complete conversion of the existing

steam/IITlW systems to stoker coal-firing by boiler conversion or

replacement, and (2) building coal-fired cogeneration syatems sized to

meet peak electric loads. Stoker-Ciring was the only coal technology

considered in the ORI Inc./C. It. Guernsey and Co. report.

2.2 PURPOSE

The primary objective of this study is to establish a priority list

of Air Force sites with the best potential for cost-effective coal

utilization. A small number of installations are identified as leading

sites for coal-utilization project implementation,

The analysis work provides a quantitative ranking of the heating

plants at each site according to the economic benefit of coal. utiliza-

tion. In order to accomplish this ranking, a wide variety of coAl-burn-

ing technologies have been evaluated in this study. Heating plant con-

version may include alteration of existing boilers with the addition of

certain equipment to allow coal-firing, or adding a new coai-fired

boiler system to the heating plant. Cogeneration of heat and electric-

ity will be considered in a separate report.

2.3 HiSTIUOD

Available information about Air Force central heating plants has

been collected and organized to examine conversion to coal-firing.

Emphasin was put on determining steam/HTHW loads, electric loads, exlst-

ing boiler design and condition, current fuel costs, local environmental

regulations, and site-specific factors that will affect converxion

project costs and technology selection. The 16 candidate heating pliPts

identified in the previous screening study 2 were examined more cloreiy,

and LCC economic analyses were performed for each heating plant. The

plants were then ranked according to the results of the economic analy-

ses.

A variety of coal technology options were examined for each site.

These technology options are described in a previous ORNL report1 and
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discussed very briefly later in this report. A computer model was
developed to generate itemized costs for each coal-burning technology

based on project size, capacity factor, ruel costs, coal specifications,

SO removal requirements, electricity costs, and ocher variables. Cost

estimates can be generated for as many as seven boiler refit technolo-

gies and six types of replacement boilers. For comparison, the cost of

continued operation of the existing gas-/Uil-Eired system that would be

replaced by coal-firing is also calculated, The cust of the gas/oil

system represents the expenditures that can be avoided by switching to

coal.

For each Air Force site, conversion project specifications, such as

steam/ITllW output capacity and type of coal technology, were selected on

the basis of economirs and site-specific limitations. Because high

capaciLy factors are generally required [or coal systems to be economi-

cal, the typical result is that only a portion of the maximum steam/11TllW

load should be met with coal-firing, while the remaining steam/1lTllW load

should be met with gas/oil peaking units. This is a notable contrast to

the ORI Inc./C. 11. Guernsey and Co. report, which used the assumptions

of 10O coal-firing capability for all heating plant conversions and

stoker-firing as the only technology option.

Two types of project financing are analyzed in this report. One

scenario represents an Air Force-owned project using Military Construc-

tion Program (8CP) funds, and the other scenario assumes that a private

company builds, owns, and operates the heating plant. The economic

assumptions and their effects on the results are discussed in Chaps. 5

and 6.

2.4 LIMITATIONS

This study has certain limitations relating to site and fuel cost

data. Some of the site-specific information is either unknown or incom-

plete, and therefore some of the project options and possible problems

are unknown. Detailed architectural, engineering, and environmental

studies will be required before implementing an actual project.

Another condition that cannot be predicted accurately is future

changes in fuel prices. This is an especially important consideration
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in this study because it is likely that coal, gas, and oil prices will

all escalate at different rates. Fuel prices greatly affect the LCCs of

the existing gas/oil systems as well as all of the potential coal-con-

version projects. The LCC estimates must be updateZ as fuel price

conditions change.

Despite some iimitations, the cost-estimation and economic analyses

described in this report have provided an effective way to identify and

rank Air Force central heating plants that have the best potential for

coal utilization. The information presented in this report can be used

for future studies leading to actual project implementation at selected

heating plants.
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3. PREVIOUS HEATING PLANT SCREENINC STUDY

A previous report2 was aimed at narrowing the number of gas- at, r

oil-burning Air Force facilities to be considered as viable coal-utili-

zation candidates. ORNL reviewed and analyzed data pertaining to gas-

and/or oil-fired central heating plants and documented the results in

chat report. The objec-ive of the screening study was to develop a list

of the 15 to 20 Air Force sites with the best potential for conversion

to coal.

3.1 SOURCES OF INFORMATION

Reliable information characterizing the Air Force heating plants

was necessary to accomplish the objectives of the previous screening

study. The information needed for each Air Force base included current

fuel use, heating load profile, fuel prices, possible coal delivery

methods, boiler design and condition, status and condition of peripheral

equipment id electric power consumption and price.

ORI Inc. and C. It. Guernsey and Co. report. A major source of

information was the report entitled Air Force Coal Conversion Phase XYX

Discovery and Fact Finding Scudy by ORI Inc. and C. H!. Guernsey and

Co.6  In that report, 34 Air Force bases were examined by using ques-

tionnaires, telephone contacts, and personal visits to gather informa-

tion needed to assess coal use at the central heating plants. Other

sources of information, such as previous Air Force assessments, were

also used to supplement those efforts to obtain information. This study

sas particularly helpful because current gas, oil, and electricity

pr.ces were obtained, as well as load information, heating plant capac-

ity-rating data, and other up-to-date information.

HFBI survey. Useful information concerning many important Air

Force heating planLs was found in the results of a 1980 inventory of Air

Force boilers larger than 10 MBtu/h output capacity. This inventory was

part of the Federal Facilities Power Plant and Major Fuel Burning

Installation Survey (MFBI Survey) requested by DOE by authority of the

Power Plant and Industrial Fuel Use Act of 1978.
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Much inforination thet is useful for analysis of the central heating

plants was included in this MFBI Survey. The major drawbacks were that

some Air Force base surveys were incomplete or contained conflicting

information. The MFBI Survey informtiou is dated? and a few heating

plans have been upgraded or the heating loads have changed somewhat in

the interim.

Other sourceu. Several other sources of information were also

utilitized for the previous screening study, including contacts with

knowledgeable individuals, applicable Defense Energy Information System

(DEIS) data, several internal studies of Air Force heating plants, and a

boiler datA base developed by the U.S. Army's Construction Engineering

Research Laboratory from Hartford Steam Boiler Co. data. This data base

was helpful in crosi-checking the existence and capacity ratings of

individual boilers. The internal Air Force studies provided 1985 and

1986 load information (steam/ITHW and electric) for selected Air Force

bases.

3.2 SELECTION OF CANDIDATE AIR FORCE SITES

3.2.1 Fuel-Use Criteria

In the previous screening study, a list was made of Air Force gas-

and/or oil-burning heating plants identified as significant fuel users.

Information pertaining to these heating plants was then examined more

closely. Large plants were sought because coal utilization is much more

competitive at large sizes. Favorable economics for coal use depends on

displacing large amounts of gas and/or oil with coal. Furthermore,

capital, operating, and maintenance costs for coal-fired boiler equip-

ment have less impact on total costs as the size of the boiler increases

(see discussion of economy of scale in Sect. 5.2.1).

A list was developed identifying 26 heating plants at 24 Air Force

facilities that have a reported annual fuel use >260 BBtu (annucl

average fuel consumption >30 MBtu/h}. Based un experience, it was

judged that facilities using less energy than this cutoff point could

not be viable candidates for coal use in the near term. All heating

plants for which at least one source of data indicated a fuel use >260
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BBtu/year are -ncluded in Table '.I. Note that two heating plants are

treated as a single system at At rewt Air Force Base (AFB) because they

feed into a common distribution system.

3.2.2 UniEorv Present Vorth Economic Analysis

In the previous Streening study, a relatively simple economic

analysis was used to identify where coal would be economically competi-

tive with the current fuel being used. This process allowed the elimi-

nation of ten additional heating plants from further consideration by

verifying that they were very poor candidates for coal use. In this

way, the study identified 16 gas- and/or oil-fired heating plants at 16

Air Force bases that should be investigated further to determine their

potential for coal utilization.

The previous economic analysis was not as sophisticated or detailed

as the one presented later in this report. In the previous analysis,

the annual fuel, operating, and maintenance costs were multiplied by a

uniform present worth (UPW) factor to determine their present values.

The assumption was made that these series of annual costs would remain

uniform over the life of the project. Projects were chosen for each

heating plant based on conversion of only a portion of the plant to

coal-firing; one or two boilers at each heating plant were assumed to be

refitted for coal-firing or replaced with new coal-fired boilers. Each

project was optimized to be near the most cost-effective size. The

cost-estimation and economic assumptions used in the UPW analysis are

listed in Table 3.2. The economic assumptions resulted in a UPW factor

of 9.427.

The capital investment requirements, operating and maintenance

(O&H) costs, and fiel costs for each simulated project were estimated in

the previous screening study with the aid of a cost-estimation computer

model. This model has been reused in this ranking study, but differeut

values are used for the input parameters to reflect new information

about the Air Force bases. The cost-estimation model is described in

Sect. 5.1 of this report.

Each heating plant was evaluated according to the economic benefit

of conversion to coal. Those plants that showed the least promise for
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Table 3.2. Cost and economic parameters used
in the UPW analysis

Cost-estimating assumptions

Price of stoker coal J..75/XBtu
Price of run-of-mine coal *I.5O/HBtu
Price of coal/water slurry 43.00/HBtu
Price of coal/oil slurry 3.50/Hftu
Price of natural gas Local price
Price of No. 2 distillate oil $4.71/HMBu (10.65/gal)
Price of No. 6 residual ci $3.67/KBtu (pO.55/gal)
Labor rate *j5,0O0/man-year
Ash disposal price $l0/ton
ElecLric price, /kMh Local price
No acLive SO, removal required

Economic assumptions

Air Force-owned and -operated project
Economic life is 30 years
Real discount rate is lOX
UPW factor applied to fuel and O&H costs is 9.427
All capital is invested ac the beginning of the project
No salvage value after 30 years
No local property taxes and insurance
No real escalation of fuel and O&H costs
General inflation effects Are negligible

being candidates from an economic standpoint were reviewed further by

considering annual fuel use, annual electric uset and electric price

(cogeneration possibilities). For McClellant the strict California

environmental regulations were also considered. Using this information

to make judgements, the heating plants at McClellan, Keesler, Lowry,

Haxuell, Charleston, HcChord, Whiteman, and Wurtsmith were eliminated

along with plant No. 825 at Hill and plant No. 208 at Tinker. Hill and

Tinker have larger heating plants remaining in the list.

The results of the screening study produced a list of 16 heating

plants at 16 Air Force bases to be given further consideration. Each of

the remaining sites has a single heating plant that may be a viable

candidate for a conversion project, with the exception of the two plants
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at Andrevs that are created as a single system because they are con-

rected to a common distribution system. The relative potential for coal

utilization at these 16 Air Force installations is the subject of th*

remainder of this report.
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4. NEW INFORMATION FOR 16 CANDIDATE AIR FORCE SITES

This chapter describes the efforts since the heating plant screen-

ing study was completed. It was deemed necessary to produce a more

in-depth analysis of the remaining 16 Air Force sites to accurately rank

them according to Lhe economic benefit of coal utilization. Many of the

differences between the previous screening study and this current rank-

ing effort are highlighted in this chapter.

4.1 LOCAL COAL PRICES AND PROPERTIES

It is important to understand the prices and characteristics of the

coals available at each prospective site. To obtain such information, a

large number of coal suppliers and transportation companies were con-

tacted. Information was requested for both stoker-grade and run-of-mine

(ROM) coals.

Each request to coal suppliers asked for the mine mouth price (more

precisely, the price of coal brought to a specific rail or truck loading

point) and the following characteristics for each coal: higher heating

value; content of ash, sulfur, nitrogen, and fines; top and bottom size;

ash-softening temperature; swelling index; and grindability index. The

transportation costs were estimated by the coal supplier and/or the

railroad companies that would be involved. Generally, rail delivery is

cheaper when the delivery distance is significant (>200 miles). When

rail shipment was not possible or inappropriate, truck delivery rates

were estimated.

The use of locally available coal propert;es and prices in this

study represents a significant improvement over the previous screening

study, which assumed uniform coal prices of $1.50/MBtu for ROM coal and

$1.75/MBtu for stoker coal. The coal properties and prices that were

used for each Air Force site are summarized in the Appendix.

4.2 LOCAL ENVIRONMENTAL REGULATIONS

To understand the environmental control requirements for each Air

Force site under consideration, the appropriate state agencies were
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contacted. Host of the 15 states contacted sent copies of the latest

regulations and other helpful material. Another highly utilized source

was the Environmental Reporter,7 which publishes state environmental

regulations.

Federal environmenLal regulations applicable to fossil-fuel-burning

installations were also reviewed. Generally, the federal regulations

only apply to coal-burning systems with fuel input capacities >100

HBtu/h. However, if the site is located in, or near, a zone ruled to be

in noncompliance with ambient SO,, NO., or particulate standards, spe-

cial federal regulations caA apply regardless of size. Information to

determine if a given Air Force base is within a noncompliance zone was

available from other ORNL studieb.

In the previous screening study, the costs of SO2 or NOX reduction

were not included in the analysis, although particutlate removal costs

were included in all cases (baghouses were assumed necessary). The

appropriate environmental regulations have been taken into consideration

in this ranking study. For most sites it was found that when the fuel

input capacity is below 100 HMtu/h, there are either no SO2 emission

regulations or low-sulfur coal will be sufficient to meet the SO2 regu-

lations. Furthermore, current coal combustion technology will achieve

sufficient NO, control in most cases. The effect that environmental

regulations have in each specific case is discussed in the Appendix.

4.3 OTHER SITE-SPECIFIC INFORMATION

Other site-specific information not considered in the previous

screening study has been included in this study. This is the result of

more information being obtained and also implementation of a more de-

tailed analysis. The availability of FY 1986 fuel-use data led to the

revision of the expected capasity factors for some heating plants, The

expected capacity factor is a key parameter when calculating the LCC of

a coal-utilization project. Another source of information was from a

separate effort at ORNL concerning energy security at Air Force instal-

lations.8 Also, a draft copy of the information in the Appendix of this
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report has been sent to the appropriate major command (HAJCOH) head-

quarters for their review and comments. Their written and verbal

responses contained new and updated information for some of the bases.

Some Air Force sites currently have no room for a coal pile on the

base or perhaps only have sufficient space at a site remote from the

central heating facility. This affects the type of coal technologies

that can be used at the site. Another space problem that cAn occur is

Vtr. there is very little room near the existing boilers because of the

presence of other equipment and other buildings. If a space shortage is

severe enough, the refit technologies that require large pieces of

equipment to be located near the existing boiler will be penalized or

eliminated. Such space shortages were not accounted for in the previous

report but are considered in this study.

The site-specific considerations that affect the economic analysis

of each heating plant are described in the information summarieai pro-

vided in the Appendix for each of the 16 Air Force sites.



19

5. DESCRIPTION OF COST-ESTIMATIOK AND ECONOMIC ANALYSES

5.1 COKPUTER MODEL FOR HEATING PLANT COST ESTIMATION

5.1.1 Description and Purpose

In a previous study by ORNL for the Air Force,1 coal comb'istion

technologies found to be applicable to Air Force central heating plants

were reviewed and evaluated. As a part of that previous work, O&M and

capital cost equations were developed for the many coal technology

options that could be employed at a heating plant. O&H cost equations

for firing gas or oil at a central heating plant were also developed for

comparison. A computer model, based on these cost equations, was de-

veloped to estimate heating plant costs for each of 13 different coal

technology options and for gas- and oil-firing. The costs generated for

the coal technology options can be compared with each other and with the

costs of continued firing of gas or oil. A much more detailed discus-

sion of the development of the heating plant cost-estimating equations

can be found in the previous report prepared for the Air Force Engineer-

ing and Services Center.1

The 13 coal-utilizing technologies included in the cost-estimating

model are divided into the following two categories:

Refit technologies Replacement boilers

Micronized coal-firing Packaged shell stoker

Slagging pulverized coal burner Packaged shell FBC*

Modular FBC add-on unit Field-erected stoker

Return to stoker-firing Field-erected FBC

Coal/water slurry Pulverized coal boiler

Coal/oil slurry Circulating FBC

Low-Btu gasifier

The refit technologies reuse as much of the existing boiler equip-

ment as possible. In a micronized coal system, the coal is pulverized

*FBC - fluidized-bed combustor.
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to a size much smaller than ordinary pulverized coal, and it is burned

directly in the existing boiler. In a slagging system, pulverized coal

is burned in a small, high-temperature, cyclone burner that is connected

to the existing boiler. In a modular FBC system, part of the steam/lIT1lW

is generated in an add-on bubbling FIIC unit, and Lhe existing boiler is

used as a waste heat recovery unit. The return to scoker-firing option,

can only be considered if the existing boiler was originally designed

for stoker coal. In slurry systems, the coal/water and coal/oil mix-

tures are burned directly in the existing boiler. In a gasifier system,

stoker coal is gasified with air in an add-on unit and the hut, Low-Btu

gas is burned in the existing boiler.

The replacement boilers reuse only the existing water treatment

system and the steam/lTllW distribution system. For the stoker and

bubbling FBC systems, both packaged and field-erected units have been

examined. The packaged units are factory-built, shell (fire-tube)

boilers that are small enotgh to be shipped by rail. The field-erected

units are larger, water-tube boilers. For the pulverized coal and cir-

cu.acing FBC systems, only field-erected, water-tube boilers have been

examined.

The costs of emission control systems for particulates, NOx, and

SO2 are included in the cost-estimating model. All 13 coal technologies

are assumed to require baghouses to meet the particulate emission regu-

lations. Particulate control beyond cyclone-type devices is required

virtually everywhere in the United States, and baghouses are judged to

be the most cost-effective and appropriate technology. NO, emissions

are assumed to be conLrolled with conventional combustion control sys-

tems for all coal technologies. The need for active SO2 removal systems

varies from location to location, and the type of SO2 control system

required depends on the coal technology. Costs associated with SO2

control can be included or excluded in the cost-estimating model on a

case-by-case basis. The assumptions about SO2 control systems are

discussed later in Sect. 5.1.3.

The computer model consists of two corresponding spreadsheets for

each of the 13 coal technologies, one for estimating the capital invest-

ment and another for estimating O&M costs. Each spreadsheet calculates
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an itemized cost table, such as the examples shown in Tables 5.1 and

5.2. The purpose of using this itemized cost table format is to gener-

ace very consistent and comparable cost estimates for each technology

considered. Any calculated project coots can easily be examined in

detail. The personal computer soILtare package used to develop the

costing program is Framework II, by Ashton-Tate Corp.

5.1.2 Basis or Costs

The cosc-estimating algorithms are based on recent cost studies,

vendor and user intormation, and applicable reported costs of coal-based

projects. The cost equations for commnercialized technologies were

developed from a literature review and extensive previous work at ORNL.

Tiible 5.1. Example capital investment cost
spreadsheet for micronized coal

Technology: MICRONIZED Size (XBtu/hr)
COAL BURNER - REFIT TO Output steam = 72.00
EXISTING BOILER No. of units a 1
20-200 HBTU/IIR Output/unit = 72

Multiple unit multiplier = 1

SCALING
ITEM FACTOR COSTS IN k$

Site work & foundationa .50 24.
Boiler modifications .50 12.
Soot blowers .60 0.
TAS micronized comb. system .52 176.
Boiler house modification .50 24.
Fuel handling & storage .40 781.
No bottom ash system 0.
Ash handling .40 298.
Electrical .80 100.
Baghouse .80 520.

Subtotal 1935.
Indirects (30%) 581.
Contingency (20%) 503.

Total for each unit 3019.

Grand total 3019.



22

Table 5.2. Example operating and maintenance
cost spreadsheet for micronized coal

Technology: HICRONIZED COAL BURNER REFIT TO EXISTING BOILER
SIZE 10-200 HBTU/IIR

Total output (HBtu/hr) 7 72.00 COAL, LIHESTONE, ASH
Number of units converted m I Ash fraction = .10

Unit output (MBtu/hr) = 72.00 S fraction a .015
Fuel to steam efficiency = .80 11t1V (Btu/lb) = 12000.00

Capacity factor a .72 Ton coal/yr - 23652.00
Ash disposdl price( /ton) = 10.00 Ca/S ratio = .00
Electric price(cents/kWh) a 4.50 Inert fraction = .05

Labor rate (k$/yr) = 35.00 Ton sorbent/yr - .0
Limestone price ($/ton) = 20.00 Waste/sorbent = .858

Ton ash/yr = 2365.2
SCALING

CATEGORY FACTOR COST IN k$
Direct manpower (f) .18 557.9
Repair labor & materials Mf) .36 374.3
Electricity (F) 1.00 36.2
Electricity inc. baghse (v) 1.00 74.1
Baghouse (f) .36 29.8
LAmestone (v) 1.00 .0
Ash disposal (v) 1.00 23.7

Nonfuel O&H toAlA 1095.92

A large amount of information concerning coal-, gas-, and oil-fired sys-

tems can be found in a report published by the U.S. Army Corps of Engi-

neers, Construction Engineering Research Laboratory,9 which includes

background information and cost equations developed by ORNL for a

variety of coal-based systems and other energy technologies.

Cost data for technologies that are "emerging" or not yet com-

mercialized are either unreliable or unavailable. Therefore, costs of

such systems s.ere developed by reviewing each emerging technology and

comparing with conventional coal technologies. When comparing these

technologies, several cost items (equipment, maintenance, manpower) will

often be identical or very similar. The differences between technolo-

gies have been explored to develop cost estimates that are consistent

and comparable. Costs for certain items were developed through contact

with and visits to vendors and users. Actual prices and costs were

obtained (rather than budgetary estimates) whenever possible. Hore
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information concerning the development of the cost equations can be

found in Refs. 1 nnd 9.

5.1.3 Option( and Input Parameters

A list of input parameters for the cost-estimating model is given

in Table 5.3. Numerical values are given for those parameters t at are

Table 5.3. Input parameters for calculation of project costs

Project definition parameters

1. Total project heat output capacity, HBtu/h Variable
2. New boiler system expected capacity factor, X Variable
3. Number of existing units to be refit, Variable

integer n.jmber
4. SO2 contrc option, on/off switch Variable
5. Soot blower option, on/off switch Variable
6. Tube-bank modification option, on/off switch Variable
7. Bottom ash pit option, on/off switch Variable

O&H cost parameters

8. Hydrated lime price, $/ton 41.60
9. Ash disposal price, S/ton 10.40

10. Electric price, c/kWh Variable
11. Labor rate, $K/(man-year) 36.40
12. Limestone price, 4/ton 20.80

Fuel prices

13. Natural ga3, $/MBtu Variable
14. No. 2 oil, $/HBtu 4.71 ($0.65/gal)
1. No. 6 oil, $/HBtu 3.67 ($0,55/gal)
16. RON coal, $/HBLu Variable
17. Stoker coal, $/HBtu Variable
18. Coal/water mixture, $/HBtu 3.00

Coal properties

19. Ash fraction Variable
20. Sulfur fraction Variable
21. iIIlV, Btu/lb Variable

Limestone/lime properties

22. lnert frrction 0.050
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assumed to have fixed values, The numerical values of the other parame-

ters vary from site to site as is discussed later in Sect. 6.1.1. These

input parameters and variables are defined in this section.

Project size. Three important input variables are used to define

the project size. The project thermal output capacity (size) must be

specified, and the expected capacity factor for the new coal-fired

system is associated with a given output capacity. The way that output

capacity and expected capacity factor were determined in this study is

explained in Sect. 5.2.1. Inherent to choosing the capacity of any

project involving refit cechnologies is the number of existing boilers

to be converted to coal-firing. These three variables (numbered 1-3 in

Table 5.3) are project specific and must be uniquely determined for each

case.

SO, control. Based on the applicable regulations at each site, for

each project it must be determined if the available coals can be burned

without using special SO control methods. SO, emissions will be con-

trolled passively if an inexpensive low-sulfur coal is available. How-

ever, when active SO2 removal is needed, an "on/off switch" input vari-

able can be turned on to add costs for SO control to all coal com-

bustion technologies. This includes added costs for capital equipment,

lime or limestone, labor, electricity, etc. The active SO2 removal

techniques assumed in the computer model are limestone injection for

micronized coal-firing, slagging combustors, and the two slurry tech-

nologies; limestone addition for all fluidizel-bed combustion tech-

nologies; lime spray-dry flue gas scrubber systems for all stoker and

pulverized coal technologies; and chemical 112S stripping from coal

gasification product gas.

Existing boiler modifications. Some refit technologies require up

to three types of modifications to the existing boilers: addition of

soot blowers, adding a bottom ash pit (ash removal) system, and boiler

heat transfer tube-bank modifications. The decision of when to include

these modifications is a function of the design of the existing boilers

and the type of coal-utilization technology employed. The procedure

used for adding the costs of the three boiler modification; is illus-

trated in Tables 5.4 and 5.5 and described below. Also, background

information for this decision-making process can be found in Ref. 1.
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Table 5.4. Usual positions of boiler
modification switches

Existins Soot Tube-bank Bottom
boiler blower modificaLian ash pit
design option option option

Coal Off Off On
Residuhl oil off On On
DistilatLe oil On On On

Table 5.5. Cnal refit uechnologies affected when
boiler modification sitches are turned on

Soot Tube-bank Bottom

Coal refit technology blowers modification ash pit

added included sytem
added

Micronized coal-firing Yes No No
Slagging pulverized coal combustor Yes Ho Yes
Modular fluidized-bed unit Yes No Yes
Return to sroker.firing No No Yes
Coal/water slurry-i iring Yes Yes Yes
Coal/oil slurry-firing Yes Yes Yes
Coal gasification No No No

The computer model has three on/off switch variablej (numbered 5-7

in Table 5.3) that control whelitr or not the costs of a particular

boiler modification are included in the total costs. Table 5.4 shows

how the switch positions are usually selected as a function of the

boiler design. For example, it an existing boiler was designed for

residual oil, it is normally assumed that the boiler already has soot

blowers, but requires tube-bank modifications and the addicion of an ash

pit. Deviations from these usual st'itch positions are sometimes neces-

sary based on more detailed information pertaining to a given boiler.

When the boiler modification switches are turned on, the appro-

priate costs are automatically added by the computer model to some, but

not all, of the refit technologies. Table 5.5 illustrates which coal
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refit technologies are affected by the three boiler modification

switches. For example, when a bottom ash pit must be added, costs are

added to all of the refit technologies except micronized coal-firing and

coal gasification.

O&H cost parameters. A number of parameters that affect nonfuel

O&H costs are inputs to the cost-estimating computer model. Table 5.3

gives the values used for limestone price, lime price, ash disposal

price, and labor rate. The values of these four parameters were fixed

throughout this study and include a 4Z adjustment from 1987 to 1988

dollars. The assumption of a uniform labor rate in the United States

may be somewhat simplified, but more detailed information was not avail-

able. Locally reported values were used for price of electricity at each

Air Force base.

Fuel prices. The values for fuel prices (numbered 13-18 in

Table 5.3) must be specified in current dollars. These current prices

may escalate with Lime; different escalation scenarios can be modeled by

the LCC computer program. The current prices used for No. 2 and No. 6

oils were assumed to be uniform in all regions of the country and equal

co the DOD stock fund prices. It is assumed that the higher heating

value (lilV) of No. 2 oil is 138,000 Btu/gal and the 1I1V of No. 6 oil is

150,000 Btu/gal. For lack of better information, a uniform price was

also used for coal/water slurry. The cost of coAl/water slurry would no

doubt have regional variations, bu. such variations cannot really be

known at this time. Any price used for slurry fuels is questionable.

Local prices that vary from region to region were used for natural

gas, ROM coal, and stoker coal. Gas prices reflect recent reported

costs from the Air Force bases under consideration. Coal prices were

determined from the study described in Sect. 4.1. The prices used were

for the lowest-cost ROM and stoker coals with acceptable properties.

Coal and liaestone properties. Coal properties were taken from the

coal selection study described in Sect. 4.1. The properties used were

for the lowest-cost ROM and stoker coals with acceptable characteris-

tics. The inert fraction of limestone and lime (caused by impurities)

was specified as a single value equal to 5% by weight. It was also
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assumed that lime would be hydrated with one water molecule per calcium

atom.

5.2 COAL-rrLIZATXOW PROJECT ASSUMPTIONS

A c: ir or choices must be made to define the scope of a coal-

utilization project at a given heating plant. Section 5.1.3 already has

touched on some of these choices by defining the computer input parame-

Eers and variables for the cost-escimation model. The assumptions

involved in selecting actual values for tome of these input variables

are discussed further in this section. The procedure for choosing the

size of a coal project is explained in Se't. 5.2.1, and the method for

selecting applicable coal technologies at each site is explained in

Sect. 5.2.2.

5.2.1 Stea/HTI Output Capacity

When examining coal-utilization projects at a particular heating

plant, it is desirable to find the optimum (most economical) size for

the coal-firing equipment. The cize of a coal projett is defined here

as the design steam/IT11W output capacity in HBtu/h. To understand how

the steam/11T11W output capacity was selected for the coal-fired systems

at each Air Force base, ic is helpful to examine the crade-offs in-

volved.

When compared to gas-/oil-fired boilers, coal systems require much

higher capital investments and are more costly to operate and maintain.

A coal system can realize an overall cost savings only if coal is

sufficiently less expensive than gas or oil. A basic trade-off exists

between gas/oil systems with high fuel prices and coal systems with low

fuel prices but high capital and O&H costs. The optimum size of a coal-

conversion project is influenced by this trade-off, which is discussed

below along with some other important considerations.

Economy of scale. The costs of coal-fired boilers are affected by

what is sometimes termed the "economy of sc-le." This means that as the

design capacity of a boiler or boiler plant is increased (without major

design changes), the accompanying capital investment required and annual
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OH costs also increase, but at a slower rate. The following values

illustrate this principle:

Capita1 Nonfuel O&
investment annual cost

25,000-lb/h stoker boiler 3,250,000 761,000
50,000-lb/h stoker boiler 4,900,000 934,000

These example cost estimates are for single-boiler heating plants oper-

ating at 60% annual capacity !actor and are for illustration only. It is

seen that doubling the boiler system size increases the costs but does

not double them. This economy of scale effect causes coal systems to be

less competitive kor small applications and more competitive for large

applications, when compared to gas/oil systems.

Capacity factor vs siYe. The capacity factor is defined in this

report as the total amount of heat that a boiler produces in 1 year

divided by the total amount of heat that the boiler could produce if it

operated at its design output capacity (maximum continuous rating) for

the entire year. The Air Force heating plants examined in this report

have capacity factors that range from -25X to 40%. These low capacity

factors are a result of redundancy built into most of the central heat-

ing plants. Apparently this excess capacity ensures very high heating

source reliability, even at peak load conditions.

An important question that must bi answered is how much plant

capacity should be converted to coal-firing to achieve the best economic

results. The answer depends largely on the heating load profile of a

particular heating plant, but the general rule is that only a small

portion of the piant should be converted. Any newly installed ccal-

fired equipment should be used as much as is practical to minimize the

effect of capital and O&H costs. ALl heacing load that is not provided

by coal-firing should be supplied by the remaining gas- or oil-fired

equipment.

The principle of "diminishing returns" is at work here. As the

size of a proposed coal system is increased, the expected capacity
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factor for that system will decrease. For each incremental increase in

the output capacity of a coal system, the incremental savings of fuel

costs will decrease. Even with the economy of scale effect, a point is

reached where the additional capital and O&H costs of a larger coal

system are not offset by the potential fuel cost savings.

Accurate information about the load profile of an existing heating

plant is needed to determine the optimum size for a coal-conversion

project. The type oC information available for Air Force heaLing plants

is shown in Fig. 5.1, which illustrates an example of monthly average

heating load. From this monthly average load data, "ideal" capacity

factors were calculaLed as a function of boiler output capacity, as is

shown in Fig. 5.2. These ideal capacity factors must be adjusted to

account for daily and hourly load fluctuations and equipment repair

time. For this study, the ideal capacity factors calculared from

monthly data Were multiplied by a factor of 0.9. A small taole that

ORNL.DWG 89-4973 ETD
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~40-~
30"
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MONTH (startirg wih October)

Fig. 5.1. Illustration of monthly average heating load.
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lists expected capacity factor vs zoal project size is included in each

Air Force base information summary in the Appendix.

Size and design of existing boilers. One of the conclusions of the

previous heating plant screening study 2 was that the coal refit tech-

nologies tend to be more economical than the boiler replacement tech-

nologies. Because of that trend, the analysis in this ranking study

concentrated more on the refit technologies. The capacities of the

existing boilers at a heating plant therefore had a strong influence on

the selection of output capacity. Only one or two of the existing

boilers would generally be chosen for conversion to coal-firing. This

obviously limited the selection of possible output capacities to dis-

crete steps.

The design of the existing boilers also influenced the- selection of

output capacity. If the existing boilers were originally designed for

either coal or residual (No. 6) oil, it was assumed that the boilers
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have enough volume in the furnace to operate at their full design capac-

ity with any of the coat refit technologiesp if the boilers are modified

as discussed in Sect. 5.1.3. lowever, boilers that were originally

designed for distillate (No. 2) oil tend to have smaller furnace volumes

wit), tightly spaced tubes. In addition to the boiler modifications

discussed in Sect. 5.1.3, it was assumed that No. 2 oil-fired boilers

would require a capacity derating of 20% to accommodate the coal combus-

tion equipment. The boilers that were actually selected for coal refit

and their capacity before and after conversion are explained in the Air

Force base information summaries in the Appendix.

Emission regulations. At a few Air Force sites, the applicable SO2

emission regulaiions affected the choice of project size. The federal

New Source Performance Standards regulate SO2 emissions from coal-

burning equipment only if fuel input ratings are 100 MBtu/h oi greater

(assuming the locaLion is in compliance with federal ambient air quality

standards). When the state regulations allow coal to be burned without

SO 2 removal, there is an economic incentive to keep a coal system

smaller than 100 MBtu/h of fuel input (equivalent to about 75 or

80 MBtu/h of steam/11TIW output). If the design capacities of the exist-

ing boilers in a heating plant are larger than this cutoff value, then

it was sometimes advantageous to derate the boilers to eliminate the

need for active SO2 removal systems. The effects of the applicable

environmental regulations on each simulated project are discussed in. the

Air Force base information summaries in the Appendix.

5.2.2 Combustion Technologies

The 13 coal-utilizing technologies included in the cost-estimating

model are discussed in Sect. 5.1.1. Only a subset of those technologies

was evaluated for each particular heating plant site, and the technolo-

gies that were included or excluded were determined on a case-by-case

basis. Technologies were only eliminated if a valid reason for removal

was determined. The general reasoning behind the elimination of certain

technologies is described here. Information pertaining to the selection

of appropriate technology options for each Air Force base is found in

the information summaries in the Appendix.
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Coal/oil slurry. Coal/oil mixture technology was eliminated en-

tirely from this study for a number of reasons. The cost estimates for

the slurry technologies (both coal/oil and coal/water) were based on the

assumption chat near-term commercialization would make large quantities

of slurry fuels available regionally or locally at competitive prices.

However, there is currently very little interest (or research and

development work) in coal/oil slurries for either industrial or utility

applications. This is in direct contrast to coal/water slurry-firing,

which is currently receiving much more attention. It seems that

coal/oil slurries have a much smaller chance of becoming commercialized

than coal/water slurries.

Coal/oil slurry-firing wxs judged to be much less attractive than

coal/water slurry-riring if oil prices are assumed to escalate signifi-

cantly faster than coal prices. Because -50Z of the coal/oil slurry

heating value comes from oil, the benefit of coal/oil slurry-firing

decreases rapidly as oil prices rise relative to coal prices.

There have beer some technical problems specifically associated

with coal/oil slurries, one of which is NO, control. Flame temperatures

have been reported to be high, causing excessive amounts of thermally

produced NOx. This type of problem is not seen with coal/water slurry-

firing. Also it may not be pcssibLe to use a baghouse for particulate

control with coal/oil slurries because of the possibility of blinding

the bag material. An electrostatic precipitator (ESP) may be required

instead of a baghouse. The disadvantage is that an ESP is a more costly

technology for the size of the systems under consideration.

It is acknowledged that coal slurries containing both oil and water

are being developed and marketed at this time. This type of slurry was

not examined directly in this study. However, coal/water/oil mixtures

are judged to be similar to coal/water slurries because only a small

amount of the total heating value (<30%) comes from the oil.

Return to stoker-firing. One of the coal refit options is to reuse

stoker-firing in a boiler that was originally designed for stoker-

firing. If none of the existing boilers at a heating plant were de-

signed for stoker-firing, then this refit technology must obviously be

eliminated from consideration.
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Space limitations. At some Air Force bases, some of the tech-

nologies could not be considered as viuble alternatives because of site-

specific space limitations. The two types of space considerations

examined in this study were (1) space for the coal combustion and coal-

handling equipment and (2) space for a coal pile. Space must be avail-

able inside a boiler house for any new boilers, boiler modificationsp

add-on combustion equipment, coal feeding equipment, and any coal prep&-

ration equipment such as pulverizers. The boiler house can be expanded

if necessary. Space is required outside a boiler house for the day

storage silos and coal conveyors. The coal pile should be located no

more than a few hundred meters from the boiler house, and there must be

nmple room for the rail or truck unloading station as well is a 90-d

supply of coal.

The refit technologies are affected when space is limited in and

around the existing boiler house. The slagging combustov, modular "CBC,

return to stoker, and gasifier technologies were dropped from the analy-

sis first because they require the greatest amount of equipment space in

the boiler house. The micronized coal equipment occupies somewhat less

room, and this technology could be retained in a few special situations

when the other dry coal technologies were eliminated. All of the above

dry coal technologies were eliminated when there is no room for a coal

pile near the existing boiler house. The coal/water slurry technology

was analyzed at all of the Air Force bases because it was assumed to

require no more room than an oil-fired boiler.

The replacement technologies are affected by space limitations at

both the existing boiler house and other locations on the base. All six

replacement technologies could be considered at almost all of the Air

Force bases. If the replacement boilers had to be located at a new

heating plant, then it was assumed that the costs of connecting the new

boilers to the existing distribution system would be negligible.

5.3 COMPUTER MODEL FOR LCC ANALYSIS

In addition to the cost-estimation model, a computer model devoted

to LCC analysis was also developed. The LCC model has two main parts: a
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discounted cash flow spreadsheet and an LCC sucnary spreadsheet. In the

cash flow spreadsheet, the capital and O&H costs (including fuel) are

distributed over time, while the value of money is assumed to be time-

dependent (i.e., the cash flows are discounced). The calculated LCC of

a project is the suitlnation of these discounted cash flows over the

economic life of the project. In the LCC summary spreadsheet, the LCCs

of the proposed coal-fired boilers are compared to the LCC of the

existing gas/oil system.

Two major financing scenarios were included in the economic analy-

sis: one for Air Force ownership and operation of the coal equipment

and one for private ownership and operation. The economic assumptions

used in the LCC analysis are listed in Table 3.6 for both the Air Force-

and private-financing scenarios. The primary differences between the

Air Force- and private-financing scenarios are in the way that capital

costs and taxes are treated. Four of the parameters in Table 5.6

(general inflation, fuel escalation, discount rate, and return on in-

vestment) are labelled as variables. The values used in the LCC analy-

sis for these four variables are discussed later in Sect. 6.1.2.

Table 5.6. Economic assumptions used in the LCC analysis

Parameter Air Force Privatefinancing financing

Project start year, start of construction 1990 1990
Construction period, year 1 1
Economic life of project, years 30 30
Salvage value at end of economic life 0 0
Time-dependent curve for maintenance costs U-shaped U-shaped
Inflation and discounting base year 1988 1988
General inflation rate Variable Variable
Fuel real escalation rates Variable Variable
Real discount race Variable Variable
Equity, percent of capital investment Not applicable 100%
Before-tax real return on investment Not applicable Variable
Amount of working capital, months Not applicable 2
SOYD depreciation life, years Not applicable 15
Local property tax and insurance rate, % 0 2
Fedecal income tax rate, % Not applicable 34
Investment tax credits Not applicable None
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5.3.1 Air Force Financing

The Air Force-financing assumptions in Table 5.6 can be explained

most easily with the aid of the example discounted cash flow spreadsheet

shown in Table 5.7. Coal-fired boiler projects are assumed to start at

the beginning of 1990 with a 1-year construction period. Coal-firing

begins in 1991 and continues for 30 years through the end of 2020. All

dollar amounts in the cash flow spreadsheet are in as-spent thousands of

dollars (kS) that are inflated from a base year of 1988. Hlowever, in

the example in Table 5.7, as-spent thousands of dollars are actually

equal to constant 1988 thousands of dollars because the spreadsheet was

calculated for zero general inflation, as is seen in the "GENERAL IN-

FLATION INDEX" line.

The cash flow spreadsheet can accommodate fuel prices with escala-

tion rates chat differ from the general inflation rate as is seen in the

"FUEL INFLATION INDEX" line of Table 5.7. Fuel inflation is calculated

from the same 1988 base year as general inflation. The fuel costs shown

in the "FUEL" line are determined by estimating the annual fuel cost in

the 1988 base year and then multiplying by the fuel inflation index for

each year.

The maintenance costs in the "MAINTENANCE" line of the cash flow

spreadsheet are treated in a special way. The annual maintenance costs

generated by the cost-estimation model are adjusted by the time-

dependent multiplier shown in Fig. 5.3 when they are entered into the

cash flow spreadsheet. The U-shaped curve accounts for extra costs that

occur because of infant failures during the first 3 years of heating

plant operation and old-age failures during the last 8 years.

The "TOTAL COST TO AIR FORCE" line of Table 5.7 is the sum of the

annual capital and O&M costs. The present value of these total costs

are calculated in the "DISCOUNTED AF TOTAL" line by discounting back to

the 1988 base year. The LCC of the project appears in the lower right-

hand corner of the cash flow spreadsheet.
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5.3.2 Private Financing

For the private-financing scenario, it was assumed that the Air

Force will enter into a 31-year contract with a private company to

purchase, construct, operate, and maintain the coal-fired boiler equip-

ment. The Air Force will reimburse the contractor directly for their

O&M costs and will pay the contractor an annual fee for recovery of

their capital investment and profit. Many of the costs associated with

private financing are identical to those for Air Force financing. The

differences between private and Air Force financing are explained here

with the aid of the example discounted cash flow spreadsheet for private

financing shown in Table 5.8.

The annual fee in the "CAPITAL COST" line of Table 5.8 is calcu-

lated using the standard capital recovery equation over the 30-year

economic life of the project with a rate of return on investment that
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will be defined irn SecL. 6.L. It was also assumed that the Zontractor

incurs O&H costs (including fuel costs) an average of 2 months before it

is reimbursed for them. The contractor io payed the same rate of return

for these 2 months of working capital. The working capital. costs are

itemized in the "RETURN ON WORK CAP" line of the cash flow spreadsheet.

A private contractor must pay local taxes, insurance, and federal

taxes. These costs are calculated in the cash flow spreadsheet, but

they do not affect the "TOTAL COST TO AIR FORCE" line of Table 5.8

because it was assumed chat the contractor pays these costs out of their

own pocket using their return or investment. Local property taxes and

insurance are lumped together, and their annual cost was assumed to be

2% of the capital investment. The federal income tax calculations aro

based on the following assumptions: (I) capital equipment is depreci-

ated over 15 years using the sum-of-the-years digits (SOYD) method with

no salvage value, (2) the tax rate is 34%, and (3) the private contrac-

Lor is a large company with other sources of income to hatance any

negative income from this project.

5.3.2 DeEinitions of Figures-of-Xerit

The LCC summary spreadsheet lists the economic results for the

existing gas-/oil-fired system plus all 13 coal technologies with either

Air Force or private financing. An example LCC summary spreadsheet is

shown in Table 5.9. Three different figures-of-merit are presented in

the LCC summary spreadsheet: (1) LCC, (2) benefit/cost ratio, and

(3) discounted payback period. These figures-of-merit are defined and

discussed in this section.

Some of the coal combustion technologies that are examined in this

report (such as micronized coal) are not fully commercialized. A word

of caution when interpreting the economic results is that the risks and

uncertainties of these newer coal technologies have not been penalized

in the economic analysis relative to the more established coal tech-

nologies (such as stoker coal-firing).

LCC. The LCC of a project is the summation of the discounted

annual expenditures over the 30-year econcmic life of the project. The

LCCs shown in Table 5.9 come from the lower right-hand corner of the
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discounted cash flow spreadsheets. The cash flow spreadsheets are

executed numerous times in order to fill Table 5.9. The LCC pArameter

is calculated for All of the proposed coal-fired systems, as well as the

existing gas-/oil-fired system that they would replace, LCCs that have

been inflated and discounted over a 30-year period can result in dollar

amounts that are difficult to comprehend in absolute terms. It is best

if LCCs are used only for relative comparisons between projects,

Benefit/cost ratio. The term "benefit" is used in this report to

refer to cost avoidance (i.e., the cost of continued operation of an

existing syster-) rather than cost savings (i.e., the difference between

the cost of an existing system and the cost of a new system). The

benefit/cost ratio is therefore defined as the LCC of the portion of the

existing gas/oil system that would be displaced by coal, divided by the

LCC of the proposed new coal system. In the example LCC summary spread-

sheet in Table 5.9, the numerators of the benefit/cost ratios are all

equal to the LCC of the natural gas boiler, and the denominators depend

on the coal technology and financing scenario.

The benefit/cost ratio is the primary figure-oE-merit used in this

report to interpret the economic results. In general, the use of

benefit/cost ratios is not recommended when budget constraints are an

important consideration. However, the results in this report are not

intended to be used for allocating a fixed budget between competing

projects; the purpose instead is to provide guidance for planning Air

Force budget requests and/or planning privatized projects. The use of

benefit/cost ratios ensures that cost-effective projects are not over-

looked just because they are capital intensive.

Three questions can be answercA by examining the benefit/cost

ratios:

1. What is the best (most economical) coal technology and financing

scenario at a particular Air Force base?

2. Which air base has the greatest potential for economical utilization

of coal?

3. Will coal be more economical than the existing gas or oil fuels?

The first and second questions involve relative comparisons between two
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or more benefit/cost ratios, while the third question depends only on

the absolute magnitude of the benefit/cost ratios. In the example in

Table 5.9, micronized coal with Air Force financing is the best tech-

nology because it has the largest benefit/cost ratio, and it will be

more economical than the existing gas system because the ratio is

greater than 1.0.

Discounted payback period. This parameter is defined as the time

period (measured from the beginning of construction) required for the

cumulative savings from a project to pay back the initial investment and

other cumulative costs of the project, taking into account the time

value of money. During the first few years of a coal-fired boiler proj-

ec, the cumulative discounted costs of the coal system are generally

greater than the cumulative discounted costs of the existing gas/oil

oystem because of the capital costs of the coal equipment. Howevero coal

prices are usually less than gas/oil prices, and the cumulative costs of

the coal system tend to increase with time more slowly than the cumula-

tive costs of the gas/oil system. The discounted payback period is

defined as the point in time where the cumulative discounted costs of

the codl system fall below the cumulative discounted costs of the exist-

ing gas/oil system.

The discounted payback period is used in this report only as a

secondary figure-of-merit for the following reasons: (1) the discounted

payback period has no meaning in the private-financing scenarios where

the Air Force does not invest any of their own capital, (2) the dis-

counted payback period will sometimes be undefined because it can be

greater than the economic life of the projectp and (3) an economic

evaluation using discounted payback periods will sometimes be misleading

because it completely ignores the economic consequences beyond the pay-

back period.
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6. RESULTS OF RAWKIMC STUDY

The cost-estimation and LCC analysis models described in Chap. 5

have been used to examine the economics of coal utilization at 16 Air

Force facilities. After some further description concerning input

variables and how the results were obtained, the results are presented

and a method of ranking the 16 sites is discussed. Some sensitivity

analyses to key parameters have been included to help understand the

results more thoroughly.

6.1 VALUES OF IMPUT VARIABLES

The input parameters for the cost-estimation model and LCC model

are defined and described in Chrp. 5. The numerical values used in this

study for the parameters that vary from site to site are summarized

here.

6.1.1 Cost-EstimALion Variables

A list of input parameters for the cost model is provided in

Table 5.3. Numerical values are given in the table for eight of the

parameters. The remaining parameters that are labeled as variables are

discussed further in rhis section.

Important assumptions that define the coal-conversion projects

examined in this study are summarized for each Air Force site in

Table 6.1. The number of boilers for refit and total output capacity

chosen for each project were found through optimization as discussed in

Sect. 5.2.1. The expected capacity factor is dependent on this chosen

output capacity and the heating load of each boiler plant. Also listed

is the need for active SO2 removal, which has been determined from the

sulfur content of available coals (Sect. 4.1) and applicable local

environmental regulations (Sect. 4.2). Active SO2 removal was found to

be required at 6 of the 16 sites.

The existing boiler design is also listed in Table 6.1 and was used

to determine what boiler modifications are needed for refit technologies

and whether derating of a refitted boiler is necessary. Boiler modifica-

tions were determined as explained in Sect. 5.1.3, using Tables 5.4 and
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5.5 as a guide. Boiler derating was assumed to be necessary at four

sites; three were derated simply because they were No. 2 oil-designed

units, and the boiler at Pease AFB was assumed to be derated to avoid

SO2 emission regulations (discussed in Sect. 5.2.1). Many details about

each individual site are summarized ia the Appendix.

The current prices for fuels used in the study are listed in the

main tables that summarize the results (Tables 6.3 and 6.5 of Sect.

6.2). Oil and coal/water slurry prices do not vary from site to site,

as discussed in Sect. 5.1,3, while natural gas, ROH coal, and stoker

coal prices do vary from site to site. One note about coal prices is

that the prices used in the analysis for Elmendorf AFB and Pease APB are

optimistic. The coal prices quoted for Elmendorf are from a new company

that is not yet in operation. If this new coal is not available in the

future, then coal would have to be purchased at a much higher price from

the only coal supplier near Elmendorf that is currently in operation.

The coal prices quoted fcr Pease are based on inexpensive rail delivery;

however, higher-cost truck delivery may be necessary because the rail

connection to Pease is scheduled for removal.

The remaining input variables that have not been defined are the

price of electricity and the coal properties (higher heating value, ash

content, and sulfur content). Values were determined for these parame-

ters for each of the 16 Air Force sites and can be found in the informa-

tion summaries in the Appendix.

6.1.2 Economic Variables

Many of the economic assumptions made for the LCC analysis are

discussed in Sect. 5.3, and the input parameters to the LCC model are

listed in Table 5.6. Four key economic variables are discussed further

here because of their potential importance to the study.

General inflation. General inflation, which is a loss in the buy-

ing power of money, is an input variable to the LCC model. General

inflation is often thought of as being very important in an economic

analysis. However, general inflation has no effect on the LCC results

for Air Force-financed projects, if the actual discount rate is also

inflated to maintain a constant real discount rate. Although inflation
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does have a minor effect on the LCC results for privately financed

projects, the general inflation rate was assumed to be zero in this

study. The effect of this assumption is that all future values in the

cash flow spreadsheets will be in constant dollars, as is required by

federal guidelines.1o

Discount rate. Federal guidelines specify that a real discount

rate of 10Z should be used for the evaluation of projects that are not

primarily for energy conservation.10 For most of this study, an actual

discount rate of 10% was used, which is equivalent to a real discount

rate of 10% because of the assumption of zero general inflation. A 7%

discount rate is also examined in Sect. 6.3.2 to determine the sensi-

tivity of the results to the discount rate.

Rate of return on investment. A representative rate of return

(ROR) on investment is needed for evaluation of privately financed proj-

ects. A before-tax ROR of 17% was selected. Based on the local and

federal tax assumptions shown in Table 5.6, this translates to an after-

tax ROR of about 12%.

Fuel escalation. Because the results of the LCC analysis were

found to be very sensitive to the assumed fuel escalation rates, and

because fuel escalation projections are so highly subject to question,

three separate fuel escalation scenarios have been examined.

One set of fuel escalators was derived from a DOD memo that gives

guidelines for energy-dependent economic analyses. 3  The DOD escalators

are based directly on the report Annual Energy Outlook 1986, published

by the Energy Information Administration (EIA) of DOE.4 Fuel escalation

projections are tabulated in the DOD memo and the 1986 EIA report for

distillate oil, residual oil, natural gas, and coal, for both commercial

and industrial sectors, in ten different regions of the United States.

For the LCC analysis in this report, it was assumed that the industrial

fuel escalation rates, averaged over all ten regions of the United

States, are applicable. Also, distillate and residual oils were assumed

to escalate at the same rate (equal to an average of the escalation

rates for distillate and residual oils).

The 1986 study by the RIA includes projections only to the year

2000. The DOD escalation tables were extended to the year 2017 by
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assuming that the 1986 ETA escalation projections for the years

1996-2000 (escalation rates for each fuel are constant during this

5-year period) would remain constant through the year 2017. For the LCC

analysis in this report, the 30-year economic life ends in the year

2020; therefore, the same escalation rates were assumed to apply all the

way to the year 2020. The DOD escalation scenario just described is

referred to at the "nominal values" case for fuel escalation. These

escalation rates are shown in Table 6.2. For this "nominal values"

case, gas and oil prices escalate at rather high rates relative to the

price of coal, which will enhance the economic outlook of coal projects.

Table 6.2. Fuel escalation scenarios

Real escalation rate
(%/year)

Fuel 2000 and
1988-1990 1990-1995 1995-2000 beyond

beyond

"Nominal values" case

Gas 3.89 8.87 5.77 5.77
Oil 4.86 7.87 4.16 4.16
Coal 1.16 2.31 1.19 1.19

"AEO 1987" case

Cas 2.28 4.70 5.49 2.75
Oil 0.17 4.16 5.55 2.77
Coal 1.46 1.76 1.61 0.81

Zero case

Gas 0 0 0 0
Oil 0 0 0 0
Coal 0 0 0 0

A second fuel escalation scenario was developed from the updated

Annual Energy Outlook 1987 report.5  Because the updated 1987 report

also does not include any escalation projections beyond the year 2000,

an author of the report was contacted and asked to recommend the best
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assumptions during that time period. The opinion received was that the

forces causing high oil and gas price escalation during the 1995-2000

period will weaken significantly in years beyond 2000. To simulate

reduced pressure oh fuel prices for years beyond 2000, it was assumed
that each fuel escalates at one-half the projected rate for the

1995-2000 period. This set of escalators will be referred to as the

"AEO 1987" fuel escalators. The precise values used for fuel escalation

are given in Table 6.2. The "AEO 198711 escalators lie approximately

midway between the "nominal values" escalators and the third escalation

scenario of zero fuel escalation.

6.2 RANKING BY BENEFIT/COST RATIO

The 16 Air Force base heating plants have been ranked according to

the benefit/cost ratio (see Sect. 5.3.3 for definition). Six economic

scenarios were examined: three separate sets of assumptions for fuel

escalation were considered, and both Air Force ownership and private

ownership were examined. The economic ranking results for the six

scenarios are sumnarized in Tables 6.3 through 6.7. These rankings are

discussed in the following sections.

6.2.1 Air Force Financing and Ownership

A summary of the coal-conversion projects examined assuming Air

Force ownership is given in Table 6.3. All of the coal combustion tech-

logies :hat were evaluated at each of the 16 sites are included in the

table. The 149 potential coal projects are ranked according to the

first column of benefit/cost ratios that were calculated for the "nomi-

nal values" of the economic parameters. The list of coal projects for

each Air Force site is ordered so that the highest benefit (most attrac-

tive) option appears first and the lowest benefit option appears last.

The Air Force sites are ordered in Table 6.3 according to the benefit/

cost ratios of the best coal technology at each base.

Table 6.4 summarizes the most attractive coal technology at each

base for the three fuel escalation scenarios. Micronized coal refit is
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Table 6.3. Air rorc-ftnAnclng results with ranking According to "noaminl values"

Wes Currui Technology Coil InefLt/cOst rAtio

(Major fuel and Rank Coal pce Parameters Fuel real Fuel real

coma4J) price.Technology pi % (IItu) nomin l escalation escalation
value$ AEO 1987 toro

Arnold Natural PA I mlcronie14 X 1.75 2.141 1.616 1.191
(ATISC) S3.97/Xmiu 2 Slagging X 1.75 1.963 1.480 1,085

3 TIC refit X 1.75 1.927 1.453 1.064
4 Mg. stoker X 1.97 1.811 1.367 1.003

Potential coal +e - 5 Ms. TIC X 1.75 1.802 1.359 0099A
23,652 toosly#Ar 8 Field stoker X 1.97 1.756 1.325 0.971

II Field TIC X 1.75 1.732 1.306 0.949
12 Pulvarl:4 X 1.75 1.702 1.282 01930
13 Circ. TIC X 1.75 1.619 1.242 0.900
14 CoAl/vAter X 3.G1 1.646 1.246 0.946
1 C slfler X 1.97 1.612 1.216 0.996

Rally Natural gas 6 rkg. stoker X 1.98 1.798 1.369 1.022
(ATLC) S.00lStu 7 kg, TIC X 1.87 1.760 1.339 0.995

16 Field stoker X 1.98 1.643 1.249 0.925
19 field TIC X I.I7 ? .s85 1.205 0.807

Potential coal use - 1 ulverized X 1.87 1.553 1.181 0.867
16,014 tonelytsr 25 Coal/vater X 3.00 1.55 1.179 0.900

32 Cire. VIC x 1.87 1.522 1.157 0.849
linot VaturAt gas I Hicronitz4 X I.* .43 1.3&6 1i.016 -
(SAC) S3.601/Hltu 20 Slagging X 1.48 1.577 1.219 0.917

21 Pkg. TIC X 1.18 1.570 1.214 0.91S
22 Stoker refit X 1.87 1.564 1.210 0.923

Potential coal u3e 27 TIC refit X 1.48 1.539 1.189 0.891
12,176 tonslyear 30 Mg. stoker X 1.87 I.25 1180 0.899

SI Gasifier X 1.87 1.421 1.100 0.840
60 field FAC X 1.18 1.369 1.058 0.791
63 Field stoker X 1.87 1.362 1.053 0.795
67 CoAllvater X 3.00 1.357 1.053 0.823
74 Nlverixod X 1.48 1.329 1.026 0.766
82 Cire. fil x 1.4R 1.014 1.015 0.7$7

Robins Natural gas 10 Micronized X I- - 1.-o73i 1.
(AFLC) 13.19/Mstu 40 Pkc. TIC X 1.77 1.470 1.124 0.812

12 Pkg. stoker X 1.99 1.163 1.119 0.814
50 Field stoker X 1.99 1.426 1.091 0.818

Potential coal use - 5 Field rIC X 1.77 1.410 1.07Y 0.802
17,268 ton/year 58 Pulverized X 1.77 1.383 1.057 0.785

68 Coallwater X 3.00 1.357 1.041 0.803
69 Cirte. FIC X 1.77 1.349 1.031 n.765

RcGutre Natural gad 15 Ilicronized X 1.49 1.613 1.264 0.950
(HAC) S4.O0OiMtu 33 Pkg. TIC X 1.89 1.513 1.163 0.873

34 Slagging X 1.89 1.510 1.161 0.869
35 FTC refit X 1.89 1.496 1.150 0.861

Potential coal use - 55 Coalfwacer X 3.00 1.407 1.085 0.836
13,217 tons/year 62 Field TIC X 1.89 1.36. 1.048 0.781

76 Stoker refit X 2.25 1.324 1.0:9 0.767
81 Circ. FTC X 1.89 1.314 1.009 0.750
87 Pkg. stoker y 2.L5 1.299 0.999 0.752
112 Csifier X 2.25 1.236 0.951 0.719
119 Field stoker X 2.25 1.199 0.921 0.689
128 Pulvertzed X 1.89 1.173 0.901 0.667

Crand Forks No. 6 oil 17 Micronized X 1.48 1.632 1.345 1.057
(SAC) $3.67/HBtu 37 Slagging x 1.48 1.485 1.223 0.957

38 Pkg. T C X 1.48 1.483 1.221 0.956
41 Stoker refit X 1.87 1.469 1.211 0.962

Potential coal use - 43 FC refit X 1.48 1.456 1.199 n.93s
13,495 tons/year 46 Pkg. stoker X 1.87 1.434 1.183 0.938

85 Field FBC X 1.48 1.303 1.072 0.834
86 Casifier X 1.87 1.300 1.072 0.851
94 Field Gtoker " X 1.87 1.292 1.064 0.837
98 Pulverized - 1 1.48 1.269 1.044 0.811

104 Coal/water X 3.00 1.258 1.040 0.846
108 Cire. VBC x 1.48 1.247 1.026 0.797
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TOWl 6.) (continjeIc)

5480 Ttc% 21y C-41 fntitcoat ratio
Tec' felan Ui hi%4y C.1 NAncaqra ruOlr,41 Foali foal

cotiaind) price Wi"~ ~(t New, (11013~ values AEO 1937 0zero

PlAttabur~h N~o. 6 all 23 IHicronlzejI X 1.97 1.562 1.281 1.011
(SAC) 31.6711istu Al Stagging x 1.97 1.440 I'M ~ 0.926

As Mg~. TIC X 1.97 1.431 1.172 0.923
52 TIC refit x 1.97 1.418 1.162 0.912

Potential coal Ule 65 rots. stoker x 2.46 1.357 1.113 0.887
16.339 cons/ydAr 91 Coal/vActr x 3.0 3.293 1.062 O.859

95 field NSC x 1.97 1.286 1.1353 0.821
101 3'jvrtztd X 1.97 10263 1.03, 0.80.
107 field stoker x 2.46 1.248 13.023 0.808
113 dir.. TIC x 1.97 1.211 1.007 0.783
121 Cas1(Ictr x 2.46 1.196 0.931 0.731

PG1gau as p 24 -41cran1:ad X 2.07 1.540 1.196 0.917
(SAC) 53.8Ohft3tu 57 SlAg Ing x 2.07 1.390 1.079 0.822

61 C0oaluer X ].PA 1.369 1.1166 0.834
64 TV. refit x 2.07 I'M5 1.45S 0.804

Potential coal use IA10 Pkr,. FC x 2.07 1.2.66 0.983 0.747
13,057 cons/year 110 M'3. stoker x 2.56 1.245 0.963 0.744

120 Field TIC x 2.07 1.198 0.930 0.703
122 field $Coker x 2.56 1.195 0.9.18 0.709
12.9 Pulverized x 2.A7 1.170 04914 0.686
1 35 Circ. TIC x 2.07 1613A 0.880 0.664
133 CaslflOr x 2.56s 1.110 0.461 0.663

linker 1aUrAl 449 28 Field TIC x I.E8 I.S12 1.151 0.1160
(AMLC) $7.65/9t1u 31 Pkc3. TIC x 1.65 1.523 1.145 0.839

44 Circ. TIC X 1.68 1.451 1.090 0.793
72 Pulverized x 1.6 1.337 3.004 0.727

Totential coal1 use - 79 7ield stoker x 1.99 1.317 0.990 0.72$
41,682 tonslyosr 89 PkS. stoker x 1.99 1.296 0.976 0.717

105 CnAllvator x 3. tfl 1.2%2 01.945 0.717

EImondoril' NturAl gas 29 Hicronized x 1.63 1.527 1.146 0.851
(AAC) S2.05/1{Icu 56 Slqgdin; x 3.63 1.403 1.052 0.715

59 VIC refit x 1.63 1.37') 1.034 0.762
75 Field TIC x 1.63 1.326 0.994 0.729

Potential coal uso 1 09 Mer. TIC X 1.63 1.247 0.934 0.681
354,374 cons/year 115 7kS. TIC X 1.63 1.221 0.915 0.669

127 Iulverized X 1.63 1.174 0.679 0.635
141 Stoker refit X 2.16 1-IC0 0.826 0.615
145 71eld stoker X 2.16 1.164 Q.798 0.590
147 CoalluAter X 3-0-1 1.010 0.760 0.581
348 Pkg~. stoker x 2.16 0.979 0.734 0.541

_______1_____ 49 Catifler x 2.36 0.849 0.636 0.463

(AFLC) 52.97/x5cu 53 Field TIC x 1.20 1.414 1.085 0.803
n1 circ. FeC X 1.20 1.333 1.096 0.755
a8 Mkg. stoker x 1.30 1.294 0.996 0.740

Potential Coal use - 103 Field stoker X 1.30 1.260 A.967 0.716
23,560 tonoryear 123 Pulverized x 1.20 1.1911 0.913 0.602

139 Cool/vAter x %CI 1.110 n.845 0.661

scat Ntural X4s 39 Pko.. PBC X 1.24 3.473 1.141 445
(H4AC) SMD8/1HIcu 66 rM. stnker X 1.06 1.357 1."~51 Q.78$

78 Field FfiC x 3d. 3.I)2 3.013 0.762
9I3 Mie. TIC x 3.24 1.292 l.Ctim 0.744

Potcential coal use * III Coal/vator X 1.0 1.2.3 "'.966 11 7$t
13.731 tonsfyear 114 Field nt.Akcr x 1.26 1.211 0.951 (. 70 9

134 Pulvertred X 1.24 1.141 M8. 0.654
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TAWbe 6.3 (continued)

1440 Current Technolo- Cost Inefttlcost ratio
(PAjor fuel and lnk Coal type pric harnCers oNel real Fuel real

t) reechnology C a.) -noAn: l e n escalation
values A O 1987 z taro

Dover No. 6 oil 47 Hicronit:cd X 1.84 1.434 1.188 0.947
(MAC) 52.671hItu 77 Stoker WoIt X 2.19 1.324 1.099 0.882

83 Slagging X 1.84 1.208 1,083 0.859
84 YkS. FIC X 1.84 1.304 1.080 0,558

?ocencial coal use- 92 Mg. stoker X 2.19 1.292 1.01 0,560
12,468 conslyeAr 96 FIC refit X 1.84 1.265 1.064 0,843

117 Coallvator X 3.00 1.216 1.010 0,826
130 Fld stoker X 2.19 1.164 0.964 0.767
131 field TIC X 1.84 1.153 0.954 0.752
132 Caifier X 2.19 1.143 0.947 0,760
137 Pulverized 1 1.84 1.127 0.932 0.733
142 Cire. TIC X 1.84 1.100 0.910 0,71S

Andrew No. 6 oil 49 licroniztd A 1.84 1.431 1.15) 0.945
(MAC) S).671Itu 80 Stoker refit X 2.19 1,315 1.091 0.877

90 Stassing X 1.84 1.296 1.014 0.851
97 FDC refit X 1.84 1.269 I.Osl 0.833

Potential coAl use - 118 Coal/vater X 3.00 1.211 1.006 0.823
12.935 tonslyeAr 124 1kg. tIC X 1.94 1.182 0.979 0M77S

125 kg. stoker X 2.19 1.179 0.977 0.780
133 Field stoker X 2.19 1.142 0,946 0.752
136 Field MIC X 1.84 1,130 0.935 0.737
140 Pulverized X 1.84 1.102 0.912 0.717
144 Circ. TIC X 1.84 1.074 0.889 0.699
146 Casfiler X 2.19 1.061 0.879 0.702

USAF Aced. latural IA. 10 fIg. YTC X 1.17 1.339 1.038 0.784
(USAFA) S2.56MItcu 73 rkg. scoker X 1.45 1.333 1.035 0.790

102 Field stoker X 1.45 1.262 0,979 0.743
106 Field FIC X 1.17 1.252 0.970 0.729

Potential coal use - 116 Pulvewizid X 1.17 1.220 0.945 0.709
24,992 tons/year 126 Circ. TIC X 1.17 i.179 0.913 0.685

143 Cdal /vater X 3.00 1.091 0.850 0.675
Htanscom No. 6 oIl 99 Collvwetr X 3.-0 1.267 1.035 0,525
(ATSC) S3.671MItu
Potential coal use -

20,143 tons/yoer

0LCC results for fease mAy be optimistic because of questionable access to Inexpensive rail
delivery for coal.

bLCC results for Elmlndorf may be optiaistic because of questionable availability Wi inexpensive

Coal.
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the lowest-cost option at most of the bases (10 of 16). At the remain-

ing six bases (Kelly, Tinker, lill, Scott, USAF Academy, and lanscom),

micronized coal and the other dry coal refit technolgies were not

evaluated because of space limitations inside and near the existing

heating plants. The lowest-cost options at these six basea are either

coal/water slurry refit or one of the replacement boiler technologies.

It is observed from Table 6.4 that Arnold is ranked first in each

case. The sites ranked 2 through 7 include Kelly, Hinot, Robins,

McGuire, Grand Forks, and Plattsburgh in each case, although the respec-

tive order changes. Beyond the top seven sites, it is somewhat more

difficult to generalize.

The most basic issue that needs to be addressed is whether coal

will be more economical than the existing gas or oil fuels. The results

in Table 6.4 indicate that the answer to this question depends strongly

on the fuel escalation assumptions. For the "nominal values" case of

fuel escalation, coal appears to be a good choice at all of the bases

because all of the benefit/cost ratios are significantly >1.0. For the

zero fuel escalation case, most of the bases have benefit/cost ratios

that are <1.0, and at the bases that do have benefit/cost ratios >1.0,

the savings in gas or oil costs may not be significant enough to ju2tify

conversion to coal.

6.2.2 Private Financing and Ovnership

The same type of analysis presented above for the Air Force-owner-

ship cases is repeated here for the private-ownership scenarios. Tables

6.5 and 6.6 summarize these results. It was found that the ranking of

the sites is very similar to the previously discussed Air Force-owner-

ship cases. Again, it is observed that Arnold is ranked first in each

case. The sites ranked 2 through 7 include Kelly, Robins, Kinot,

McGuire, Grand Forks, and Plattsburgh.

When the private-financing results in Table 6.6 are compared to the

Air Force-financing results in Table 6.4, it appears that Air Force

financing is more attractive because the benefit/cost ratios are all

slightly greater than those for private financing. This conclusion is

contrary to the common belief that a private company can work less
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Table 6.5. Privaeg-finimcing results vith ranking accordinft to "oeinal values"

12.4Jor fuel ant~Rn Tachnalajy coal VUnatiefrsar ratio*

c 4o r ue andU k 4 1 Y pric e U l e (5P211tOi) V4141fM I, C51 4 1 esc Al ie
coetnd pic Rti IOw(SI~s) values AW 2987 zelo

Arnold N4atural CA I 11irranixed x 1.75 1.946 1.466 1.Al7
(AVSC) $3.97i1.5U 2 Se6tsing x 1.75 1.717 1,29 0.941!

3 Fuc rafit x 1.75 1.663 1.2.54 0.912
5 11cg. stoker x 1.97 1.597 1.204 n.863

Tottntlal C441 use a N k. TIc X 1 1.532 1.169 0.849
.3,652 tansfywa 10 Coalivir x 3.04 1.526 1.155 n.673

11 Field stoker x 1.97 1.1-87 1.121 0.315
14 field VIC x 1.75 1.451 1.091 0.785
27 Iulwuri~cd K 2.75 10417 1.067 0.766
15 Wastfier x 1.97 1.416 1.068 0.
M5 M~r.- rc x 2.75 1.3%1 2.018 C1732

Kelly Natural gAs A *%g stoIk.t x 1.96 .60q lo.) Mim
(AFLC) S4.C.'"Altu '1 f1.-. rIc 1 .87 2.543 1.175 0.868

16 Coa1Iv4t.r x 3.00 1.419 1.-M 0.122
1 Fiel stokor x 1.98 1.395 2.t-00 0.762

rotgntiAI coal use 37 Field TIc x 1.87 1.339 1.017 007&4
16,014 t.onslyesr 33 u Mvd riIza- 9 2.87 1.306 0.992 0.724

£'* t re. "t 1.6! 2.2fiz 0.960 0.70A
Robins 14turai %411 #, lirraftlzed x 1.11 I.5cb 1.1.13 P'.911
(AFLC) 33-19JPI4tv 33 1kt. Atnkfir x 2.99 1.29. 11.999 0.741

43 t. VIC x 1.71 2.27£ 0.974 0171.4
47 C4.ilvaer x 3.00 1.262 0.968 0.743

Potential toal u*e 37 Field stokor 11299 1.223 0.927 0.690
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expensively than the government. In the LCC analysis, the private-

financing scenarios were not given any special treatment. Because of a

lack of better information, it was assumed chat a private company would

have to invest the same amount of capital as the Air Force and incur the

same O&M costs. Private financing is therefore more expensive because

the private company must also be payed a profit.

6.2.3 Overall Observations

Some meaningful observations can be made by examining the results

for all six of the economic scenarios in Table 6.7. The top candidate

for c.al utilization is Arnold. Kelly, Grand Forks, Hinot, Robins,

Plattsburgh, and HcGuire are ranked 2 through 7 for all six scenarios.

Certain sites that do not appear above a ranking of 11 for any case

include the USAF Academy, Hanscom, Hill, and Scott.
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Table 6.7. Summary of ranking results for
Air Force and private financing

Rank for Air Force Rank for private

Base financing financing Average
rank

Nominal AEO Zero Nominal AEO Zero

Arnold 1 1 1 1 1 1 1.0
Kelly 2 2 3 2 2 6 2.8
Grand Forks 6 4 2 6 3 2 3.8
Minot 3 3 4 4 5 4 3.8
Robins 4 5 6 3 4 5 4.5
Plattsburgh 7 6 5 7 6 3 5.7
HcCuire 5 7 7 5 7 7 6.3

Peasea 8 8 10 9 8 10 8.8
Dover 13 9 8 11 9 8 9.7
Andrews 14 10 9 12 10 9 10.7
Elmendorfb 10 12 12 8 11 11 10.7
Tinker 9 11 14 10 12 14 11.7

Scott 12 13 11 13 13 13 12.5
Hill 11 14 13 14 14 15 13.5
Hanscom 16 16 15 15 15 12 14.8
USAF Academy 15 15 16 16 16 16 15.7

aLCC results for Pease may be optimistic because of question-

able access to inexpensive rail delivery for coal.
bLCC results for Elmendorf may be optimistic because of

questionable availability of inexpensive coal.

The process of ranking Lie Air Force sites in the manner described

above is simple from a mathematical viewpoint. However, all economic

analyses should be viewed with skepticism because of the uncertainty

associated with predicting future events. An appropriate level of

skepticism is especially important when interpreting the results of this

study because the recent trend of unstable energy prices will probably

continue into the future. The results of the LCC analysis should there-

fore be used only to identify general trendsp while small differences

should be considered insignificant.
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6.3 SENSITIVITY TO SELECTED ECONOMIC ASSUMPTIONS

The sensitivity of the results to some important economic assump-

tions has been examined. The effect of fuel escalation has already been

examined in the main body of results. Other important parameters to be

examined in this section include the discounted payback period and the

effect of discount rate.

It was found that reasonable variations in the assumed values of

key economic parameters can have significant effects on the absolute

magnitudes of the benefit/cost ratios (or other measures of economic

benefit). However, these parametric variations generally do not have a

significant effect on the ranking or ordering of the Air Force sites

examined in this study.

6.3.1 Ranking by Discounted Payback Period

The discounted payback period is used in this study only as a

secondary figure-of-merit for the reasons discussed in Sect. 5.3.3.

Discounted payback periods were calculated for all Air Force-financed

projects, and selected results are summarized in Table 6.8 for the top

12 Air Force sites from Table 6.7. The discounted payback periods

follow the same trends as the benefit/cost ratios (i.e., the projects

with the highest benefit/cost ratios tend to have the shortest payback

periods), although there are some minor differences. The use of dis-

counted payback periods for comparisons will tend to favor coal-conver-

sion projects that are less capital intensive.

The answer to the question of whether coal will be a more attrac-

tive fuel than gas or oil is again strongly influenced by the fuel

escalation assumptions. For the "nominal values" escalation case, most

of the coal-conversion projects have discounted payback periods that are

<10 years. For zero fuel escalation, the payback periods for most of

the projects are greater than the economic life of the projects. The

notable exception for zero fuel escalation is the micronized coal refit

option at Arnold, which has a payback period <10 years.
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Table 6.8. Oilsnunted r-jbck portoda for selected Air force-financed projects

PAraveters - Fuel escalation Fuel escalation
Base Technoloy nwnaal values - AXO 1987 zero

COAI ty p Discounted Discoued Discounted
COnoand) W ew ratio payback r payback payback

(years) (yeArs) (years)

Arnold lieronized X 2.141 3.9 1.616 4.7 1.191 6.4
(AFSC) SIsEing X 1.961 5.7 1.480 7.3 1.085 11.8

FoC refit X 1.927 6.2 1.453 8.0 1.064 15.2
PkI. $taker X 1.811 6.4 1.367 A.6 1.008 25.2

Kelly ' Pkg. stoker' x .8 $.9 7.36 7.9 1.022 19.3
rAFLC) rlr. F C X 1.760 6.8 1.339 9.2 0.995 331

Grand Forks Micronized X 1.632 5.4 1.345 7.8 I.Q57 12.9
(SAC) Slagint X 1.485 8.1 1.223 12.3 0.957 >31

tkg. FIc X 1.483 8.1 1.221 12.3 0.958 >31
Stoker refit X 1.469 7.1 1.211 11.3 0.962 >31

Minot Micronized X 1.143 6.0 1.348 8.0 1.013 19.8
(SAC) Singeing X 1.577 8.9 1.219 12.6 0.917 )31

fkg. TBC X 1.570 9.0 1.214 12.8 0.915 >31
Sroker refit X 1.564 7.9 1.210 11.3 0.923 >31

Robins Micronized X 1.731 5.6 1.330 7.7 1.003 26.0
(AFLC) Pkg. FBC X 1.470 10.6 1.124 16.8 0.842 >31

Pkx. stoker x 1.463 I1.0 1.119 16.5 0.844 )31
Plattsburgh licronized x 1.562 5.6 1.281 8.7 1.011 21.3
(SAC) Slagging 1.440 8.3 1.180 13.4 0.926 )31

Pkg. FBC x 1.431 8.5 1.172 13.8 0.923 >31
eGuire licronized X 1.643 6.8 1.264 9.7 0.950 >31
(HAC) Pke. TEC X 1.513 9.7 1.163 14.6 0 873 331

Peasea  Micronized x 1.540 7.9 1.196 11.7 0.917 >31
(SAC) Slagging X 1.390 12.0 1.079 19.9 0.822 >31

Coallvater X .369 10.4 1.066 19.4 0.834 31
TIC refit X 1.359 13.1 1.055 22.6 0.804 >31
PkS. FbC X 1.266 15.8 n.983 >31 0.747 31

Dover Micronized X 1.434 .3 1.2188 11.8 0.947 >31
(HAC) 5toker refit X 1.324 9.4 1.098 17.1 0.882 >31
Andreus Micronized X 1.431 7.5 1.185 12.1 0.945 >31
(HAC) Stoker refit X 1.315 9.8 1.091 17.8 0.877 >31

Elendorfb Hicronized X 1.527 8.5 1.146 14.3 0.851 >31
(AAC) Slagging X 1.403 12.0 1.052 22.9 0.775 331

FIC refit X 1.379 12.9 1.034 25.3 0.762 >31
Field FBC x 1.326 14.7 0.994 >31 0.729 331

Tinker Field FC X .532 10.7 1.151 16.5 0.840 >31
(AFLC) Fk. FBC X 1.523 10.4 1.145 16.3 0.839 331

0LCC results for Pease nay be optimistic because of questionable access to Inexpensive rail delivery for
coal.

bLCC results for Elmendorf may be optimistic because of questionable availability of inexpensive coal.
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6.3.2 Effect of Discount Rate

Lowering the discount rate will affect the LCC analysis because the

influence of costs incurred in early years will become less important,

and those incurred in later years will become more important. Another

way to view this effect is that the influence of the initial capital

investment will lessen in comparison to annual fuel and O&H costs.

Lower discount rates will therefore cause coal projects to look more

attractive.

A value of 10% was used for the discount rate in the main body of

results. The LCC model was recalculated with a 7% discount rate for the

top seven Air Force sites from Table 6.7. Because coal appears to be

the least attractive relative to gas or oil for the zero fuel escalation

case, this fuel escalation scenario was the only one evaluated. The

results in Table 6.9 for Air Force-financed projects show that the 7%

discount rate increases the magnitude of the benefit/cost ratios by

about 3 or 4%, but it does not affect the ranking of the bases.

6.4 SUMMARY OF LEADING SITES FOR COAL UTILIZATION

The most important objective of this report is to conclude which

Air Force sites have the greatest potential for economical utilization

of coal. From the results given in Tables 6.3 to 6.9, seven bases can

be identified as leading sites. This section summarizes the pertinent

information for the seven leading sites: Arnold Air Force Station (AFS),

Kelly AFB, Grand Forks AFB, Minot AFB, Robins AFB, Plattsburgh AFB, and

McGuire AFB.

6.4.1 Arnold AFS

The main heating plant in Bldg. 1411 at Arnold consists of three

72-lBtu/h and one 24-MBtu/h boilers, all of which were designed for

bituminous coal. The large boilers were designed for pulverized coal-

firing. All of the boilers have been converted, and they now fire

natural gas with No. 2 oil used as a secondary uel. The boilers were

installed in 1951, but they are still in good condition. The capacity

factor for refitting or replacing one 72-MBtu/h boiler is estimated to

be about 72%, based on FY 1986 fuel-use data.
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Some of the original coal-storage and -handling equipment is still

in place, but it is in poor condition and could not be used again.

Removal of this equipment would provide adequate space to install new

coal-handling equipment. Because the large boilers were designed for

pulverized coal-firing, the most convenient conversion would be to

install micronized coal-firing equipment. The technical risk would be

minimal, because the environmental regulations require no S02 control
for a boiler with a fuel input <00 HBtu/h. A micronized coal system

refit to one of the existing boilers is estimated to be the lowest-cost

conversion option.

The economics of converting to coal-firing appear to be attractive

based on both current and future escalated fuel prices. The current

reported prices for fuels at the base are $3.97/HBtu for natural gas and

$1.75/HBtu for ROM bituminous coal with 1.5% sulfur content. Overall,

Arnold appears to be the leading candidate for conversion of one of the

large boilers in the central steam plant back to coal-firing.

6.4.2 Kelly AFB

The main steam plant in Bldg. 376 at Kelly consists of two

54.5-MBtu/h, two 50-HBtu/h, and one 49.6-HBtu/h boilers that were de-

signed for gas-/oil-firing. They use natural gas as the primary fuel

with No. 2 oil as a secondary fuel. The boilers were installed from

1954 through 1976 and are in good condition. The capacity factor for

refitting or replacing one 54.5-MBtu/h boiler, but derated to

43.5 MBtu/h, is estimated to be about 82%, based on FY 1985 fuel-use

data. Derating is necessary because the boilers were not designed for

coal-firing.

There is not enough available space at the existing boiler house to

install dry coal-firing equipment or a coal pile. It should be possible

to install coal/water mixture combustion equipment at the present boiler

house. The technical risk would be fairly high because of limited

experience with firing coal/water mixtures in No. 2 oil-designed

boilers. A packaged shell-type stoker replacement boiler at another

site on base is estimated to be the lowest-cost coal-conversion option.

The environmental control regulations require no SO2 control for boilers

with ratings <100 MBtu/h fuel input.
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Based on future escalated fuel prices, the economics of converting

to coal-firing with a replacement boiler appear to be attractive. There

is only a slight cost advantage at present fuel prices. The current

reported prices for fuels at the base are $4.00/HBtu for natural gas and

$1.98/HBeu for stoker bituminous coal with 1.3% sulfur. Kelly is among

the top six candidates for potential conversion to coal-firingt in this

case by means of a replacement boiler.

6.4.3 Grand Forks AFB

The central heating plant in Bldg. 423 at Grand Forks consists of

two 42-HBtu/h and three 25-MBtu/h IITIIW boilers, all of which were de-

signed for stoker coal-firing. They were later converted to burn No. 6

oil. Presently, IITIIW is being obtained from electrically heated boilers

(owned by the electric utility) with a special low electric power rate

of 2.15c/kWh. However, No. 6 oil was assumed to be the primary fuel in

the economic analysis because the contract to purchase this low-priced

electric power from the utility will expire soon. The base also has

recently acquired access to natural gas, but it has never been burned in

the central heating plant. The capacity factor for refitting or replac-

ing one 42-XBtu/h boiler is estimated to be -72%, based on FY 1985 and

1986 fuel-use data.

The original coal-handling equipment has been removed, but there is

space available to install new equipment. The boiler was originally

designed for stoker-firing, so it should be feasible to refit it with

any of the technology options. A refit to stoker-firing would have the

least technical risk. The risk for the other options should be only

slightly higher because the environmental regulations require no SO2

control when burning low-sulfur coal (<1.6% sulfur) in a boiler with a

fuel input <100 MBtu/h. A micronized coal system refit to one of tae

existing 42-MBtu/h boilers is estimated to be the lowest-cost conversion

option.

The economics of converting to coal-firing appear to be favorable

based on future escalated fuel prices. There is only a slight cost

advantage at present fuel prices. The current reported prices for fuels

at the base are $3.67/MBtu for No. 6 oil or natural gas, and $l.48/MBtu
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for ROX bituminous coal with 1% sulfur. Grand Forks is among the top

six candidates for conversion back to coal-firing$ with the lowest-cost

option being conversion of one of the 42-HBtu/h boilers to micronized

coal.

6.4.4 Hinot AB

The central heating plant in Bldg. No. 413 at Minot consists of

five 25-HBtu/h and one 42-XBtu/h IITIIW boilers. Two boilers (42- and

25-HBtu/h) were designed to burn coal but have since been converted to

burn gas or oil. Gas is the primary fuel, and No. 6 oil is the

secondary fuel for these boilers. The 42-HBtu/h boiler was installed in

1963 and is in good condition. The capacity factor for refitting or

replacing this boiler is estimated to be about 65%, based on FY 1985 and

1988 fuel-use data.

The original coal-handling equipment has been removed, but there is

space available to install new equipment. The boiler was originally

designed for stoker-firing, so it should be fea3ible to refit it with

any of the technology options. A refit to stoker-firing would have the

least technical risk. The risk for the other technology options should

be only slightly higher because the environmental regulations require no

S02 control when burning low-sulfur (<1.6%) coal in a boiler with a fuel

input <100 HBtu/h. A micronized coal system refit to the existing

42-HBtu/h boiler is estimated to be the lowest-cost conversion option.

The economics of converting to coal-firing appear to be attractive

based on future escalated fuel prices. There is only a slight cost

advantage at present fuel prices. The current reported prices for fuels

at the base are $3.60/MBtu for natural gas and $l.48/HBtu for ROM

bituminous coal with I% sulfur. Minot is one of the top six candidates

for conversion back to coal-firing of the large boiler in the central

heating plant.

6.4.5 Robins AFB

There are two major heating plants at Robins, but only one has

large enough boilers to merit consideration for conversion. The larger

heating plant in Bldg. 177 consists of three 98-MBtu/h, three 54-Btu/h,
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and one 5-HBtu/h boilers. The three 54-HBtu/h boilers were originally

designed for coal but have been converted to burn natural gas with No. 2

oil used as a secondary fuel. The boilers were installed in 1953 and
are in fair condition. The capacity factor for refitting or replacing

one 54-HBtu/h boiler is estimated to be -81%, based on FY 1985 and 1986

fuel-use data.

The original coal-handling equipment has been removed, and cooling

towers have been installed in much of this space. The space for new

coal-handling equipment is limited# and the only technologies that could

probably be used for refit would be micronized coal or coal/water

slurry-firing. The micronized coal option would have the lowest tech-

nical risk because the environmental regulations require no SO2 control

for a boiler with a fuel input <100 HBtu/h. A micronized coal system

refit to one of the existing 54-MBtu/h boilers is estimated to be the

lowest-cost conversion option.

The economics of converting to coal-firing appear to be attractive

based on future escalated fuel prices. There is only a slight cost

advantage at present fuel prices. The current reported prices for fuels

at the base are *3.19/HBtu for natural gas and $l.77/HBtu for RON

bituminous coal with 0.8% sulfur. Robins is one of the top six candi-

dates for potential conversion back to coal-firing of one of the coal-

designed boilers.

6.4.6 Plattsburgh AFB

The main heating plant in Bldg. 2658 at Plattsburgh consists of six

50-MBtu/h HTIIW boilers, all of which were designed for firing No. 6

oil. The primary fuel is still No. 6 oil. The boilers were installed

in 1955 and 1957 and are in fair to good condition. The capacity factor

for refitting or replacing one 50-HBtu/h boiler is estimated to be about

76%, based on FY 1987 and 1988 fuel-use data.

There is enough space available to install coal-handling equipment

and for a coal pile at the existing boiler house. Because the boilers

were originally designed for No. 6 oil, the return to stoker option is

not possible, but the other refit technologies should be feasible. The

technical risk would be moderate for all of the refit options because of
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limited experience with firing coal in boilers designed for No. 6 oil. A

micronized coat system refit to one of the existing boilers is estimated

to be the lowest-cost conversion option.

The economics of converting to coal-firing appear to be favorable

based on future escalated fuel prices. There is only a slight cost

advantage at present fuel prices. The current reported prices for fuels

at the base are $3.67/HBtu for No. 6 oil and $l.97/MBtu for ROM bitumi-

nous coal with 2% sulfur. Plattsburgh is among the top seven candidates

for conversion back to coal-firing, with the lowest-cost option being

conversion of one of the 50-HBtu/h boilers to micronized coal.

6.4.7 HcCuire AFB

The main heating plant in Bldg. 2101 at HcGuire consists of four

50-MBtu/h and two 31.2-HBtu/h 11Th.? boilers# all of which were designed

for stoker-firing of bituminous coal. All of the boilers have been

converted and now burn natural gas with No. 2 oil used as a secondary

fuel. The larger boilers were installed in 1953 and the smaller ones in

1960. The capacity factor for refitting or replacing one 50-HBtu/h

boiler is estimated to be about 62% based on calendar year (CY) 1985 and

FY 1986 fuel-use data.

Most of the coal-handling equipment is still in place, but some of

it is in very bad condition and could not be used again. Removal of the

unusable equipment would provide adequate space to install the necessary

new coal-handling equipment. It would be feasible to refit one or more

of the larger boilers with any of the technology options. The environ-

mental regulations require strict SO2 control, so the technical risk is

fairly high for all of the combustion options. A micronized coal system
refit to one of the 50-HBtu/h boilers is estimated to have the lowest

cost of the conversion options, but low-sulfur (<1.5%) coal may be

required in combination with limestone addition to meet the 0.3-lb/MBtu

SO2 emission limit.

The economics of converting to coal-firing appear to be favorable

for future escalated fuel prices but unfavorable for current fuel

prices. The current reported prices for fuels at the base are

$4.00/HBtu for natural gas and $1.89/MBtu for ROM bituminous coal.
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McGuire is among thti top seven candidates for potential conversion to

coal-firing.
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7. COMCLUSIONS AMD) RCObOtATIONS

The major goal of this report was to rank the Air Force installa-

tions that presently burn natural gas and/or oil for steam/1TIIW produc-

tion according to their suitability (or economical use of coal. It it

recommended that the following seven installations be considered as Lhe

leading candidates for conversion of heating plants to coal-firing:

I. Arnold AFS1

2. Kelly APBt

3. Grand Forks AFB,
4. Minot AFB,

5. Robins APB,

6, Plattsburgh AFB,

7. McGuire AFB.

They are listed in order of rank, with Arnold AFS being the site with

the highest estimated benefit/cost ratio for a coal-conversion/-utiliza-

cion project. The ranking of all 16 Air Force sites examined in this

report is given in Table 6.7.

Even though three levels of fuel escalation and two types of

financing were considered, the economic results consistently identified

Arnold APS as the top site for coal conversion. The analysis also

ranked Kelly, Grand Forks, Minot, Robins, Plattsburgh, and HcGuire AFBs

in positions 2 through 7, although their respective order was not always

consistent. It is recommended that any possible demonstration projects

be conducted at one of these seven bases. A micronized coal refit

system would be a logical choice for a demonstration project because it

is a fairly new technology that ippears to have very favorable eco-

nomics.

The three sets of fuel escalation assumptions used in the analysis

did have a very significant effect on the calculated LCCs and benefit/

cost ratios for the various coal-conversion projects. One fuel escala-

tion scenario was based on DOD guidelines and resulted in rather high

escalation rates for gas and oil prices relative to coal prices. It is
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recommended that these DOD escalators be updated as soon as new informa-

tion is available and that the current method for estimating fuel esca-

lation beyond the year 2000 be improved. To address this issue, a

second set of fuel escalators was developed and used in the LCC analytis

for comparison. This second set of fuel price escalators was designated

as the "AEO 1987" case, and it resulted in escalation rates tuat were

approximately midway between the DOD fuel escalation rates and a third

case of zero fuel escalation.

The results given in Tables 6.3 to 6.6 show a large spread in the

benefit/cost ratios for the three different fuel price escalation

scenarios. A large number of coal-conversion projects appear co b&

economically viable when the DOD fuel escalators are use"; only a few

appear economical when zero fuel escalation is assumed; and the middle
"AEO 1987" fuel escalation case gives results between these extremes. It

is very difficult to decide which fuel price scenario is most applicable

because the fuel escalation projections are, at best, only educated

guesses of future events. It can be concluded, however, that at least a

few Air Force sites are good candidates for coal-conversion projects

based on the results for zero fuel escalation, which is a very conserva-

tive assumption.

When compared to the DOD target of 1,600,000 tons/year, the coal-

utilization projects considered in this report would result in a rela-

tively small amount of coal use. Projects at all seven of the leading

sites (listed previously) would consume only -l2,000 tons/year (-7% of

DOD target). Projects at all 16 bases examined in the report would

consume -433,000 tons/year (-27% of DOD target). Other types of proj-

ects that would use greater amounts of coal should be examined if meet-

ing the DOD target is desired. Coal-utilization projects that could

potentially be larger than those examined in this study, such as cogen-

eration and increasing heating loads through distribution system exten-

sions, will be examined in later reports.

Up to this point, noneconomic factors, such as Air Force energy

security, aesthetics, and possible effects on base missions, have not

been considered. These types of considerations must eventually be

factored into the decision-making process.
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APPENDIX

AIR FORCE BASE INFORMATION SUMMARIES

Information summaries concerning the heating plants for each of the

16 Air Force facilities examined in the economic analysis are presented

in this appendix. The information in these summaries was used to model

coal-conversion projects. Results from the LCC model are included with

each information summary.

The summaries are grouped according to the major commands and

arranged alphabetically in the following order:

Base Command page

Elmendorf 'FB AAC 75
Hill AFB AFLC 86
Kelly AFB AFLC 96
Robins AFB AFLC 106
Tinker AFB AFLC 116
Arnold AFS AFSC 126
lanscom AFB AFSC 135
Andrews AFB MAC 145
Dover AFB MAC 155
McGuire AFB MAC 165
Scot. AFB MAC 175
Grand Forks AFB SAC 185
Minot AFB SAC 194
Pease AFB SAC 203
Plattsburgh AFB SAC 213
USAF Academy USAFA 222



75

ELMENDORF AFB: AAC

1. BACKGROUND

Elmendorf Air Force Base is located near Anchorage, Alaska, and has
one of the largest central heating plants in the Air Force. The
annual average fuel consumption is -300 XBtu/h. Only the primary
heating plant is of significance to this st..dy. All boilers were
built to burn bituminous or subbituminous coals. They are described
as field-erected, two-drum, bent-tube, water-tube units with
economizers, fitted with Peabody ring-type gas burners and Peabody
steam atomizing oil burners. Natural gas is now the main fuel with
distillate (Arctic diesel) oil as a backup fuel. The boilers
previously burned Hatanuska bituminus coal (12,900 Btu/tb) with
spreader stoker traveling grate systems. Conversion to natural gas
(with Arctic diesel as secondary fuel) took place in 1968. The
Hatanuska mines went out of business because the remaining coal seam
dipped steeply, causing mining to be uneconomical, especially in
comparison to natural gas.

Presently, cogeneration is employed for this steam plant. The 415-
psig superheated steam passes through three Westinghouse, 9375-kVA,
condensing, single-automatic-extraction turbogenerators. Steam is
extracted at 100 psig.

2. HEATING PLANT UNITS

Heating Plant No. 22-004:

6 x 150 HBtu/h, Erie City, 1954

3. IDEAL CAPACITY FACTOR ANALYSIS

The maximum possible capacity factors listed below were calculated
from monthly fuel-use data for plant No. 22-004.

FY 1986
Fuel ideal
input capacity
(MBtu/hr) factor

250 0.97
300 0.91
350 0.84
400 0.75
450 0.67
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4. ENERGY PRICES

FY 1986 Price Data:

Natural gas = $1.94/MBtu
Distillate oil = $5.90/HBtu
Electricity = 8.0/kWh

The price of electricity is probably for the purchased amount onlyt
which is rather small because of the cogeneration system.

C. H. Guernsey and Co. Sur e:

Natural gas = $2.05/HBtu
Distillate oil = $5.90/HBtu
Electricity = 3.St/kWh

5. COAL PROPERTIES AND PRICES

Stoker ROK

Origin
HIIV, Btu/lb 7650 7650
Ash, % 13.9 13.9
Sulfur, X 0.17 0.17
Nitrogen, Z 1.0 1.0
Ash-softening temperature *F 2130 2130
Swelling index
Top size, in. 2 x 0
Bottom size, 'in.
Fines, %
Crindability index 32 32
Cost at mine, $/ton 31.00 (estimated) 23.00
Delivered cost, $/ton 33.00 25.00
Energy price, $/MBtu 2.16 1.63

The prices quoted are very optimistic because they are from a new
company that is not yet in operation. If the above coal is not
available when a coal-conversion project is completed, then coal
would have to be purchased from the only supplier that is currently
in operation, at a delivered price of about $44.00/ton ($2.81/mBtu)
for ROM coal. This would make coal conversion unattractive because
coal would cost more than gas.

6. ENVIRONMENTAL REGULATIONS

6.1 Air Pollution Emission Limits for New Sources

The Air Quality Control Regulations of Alaska require that
fuel-burning equipment of the capacity being considered for
Elmendorf (one or more builers) be operated only after a permit
is granted. The application for a permit must include, in
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addition to other requirements (1) plans and specifications,
(2) an engineering report, and (3) a description of air-
quality-control devices. The Air Quality Control Regulations
classify the Anchorage urban area (adjacent to the base) rs a
nonattainment area (Class I) for carbon monoxide levels in the
ambient air. Hence, carbon monoxide emissions may not increase
significantly from current levels at the base un!ess an okfset
is adopted for another pollutant. A significant increase is
defined in the national standards as 100 tpy. It is very
unlikely that a return to coal-firing would violate this emis-
sion rate; hence, the increase in CO emission would in all
probability not be significant.

With the exception of limited nonattainment areas for carbon
monoxide. the air and water quality in Alaska compare favorably
with most areas in the country. Therefore, the State govern-
ment has not legislated Alaska air emission or coal runoff
water standards but relies on applicable national standards for
emission control.

SO. For boilers >100 MBtu/h: FBC - 90% reduction to meet
limit of 1.2 lb/HBcu; emerging technology - 50% reduction to
meet limiL of 0.6 lb/HBtu.

NOx . For boilers >100 HBtu/h: spreader stoker and FBC - 0.6
lb/MBtu; pulverized coal - 0.7 lb/HBtu.

Particulates. For boilers >100 HBtu/h: 0.05 lb/HBtu; opacity
must be <20% except for one 6-min period per hour of no more
than 27%.

6.2 Coal-Pile Runoff

EPA regulations for coal-pile rainfall runoff specify Lhat the
p1l of all discharges, except once-through cooling water, shall
be within the range of 6.0 to 9.0. The total suspended solids
limitation for the point source discharges of coal-pile runoff
is 50 mg/L.

6.3 Ash Disposal

The national standards for solid wastes classify coal ash as a
nonhazardous solid waste. The EPA does not regulate fly ash
and bottom ash waste. The only regulations Alaska has pertain-
ing to or affecting coal ash disposal are (1) general require-
ments for a solid-waste facility and (2) rules for issuing a
general permit for solid-waste disposal.

The general requirements for a solid-waste facility are de-
sinned to protect other standards governing the purity of
surface- and drinking-water supplies. Problems should not
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arise in this area if care is exercised in selecting a disposal
site. Obtaining a general permit from the state of Alaska for
disposal of solid waste should not present a problem since the
waste is nonhazardous.

7. OTHER CONSIDERATIONS

Wages for steam plant personnel look very high, about $17/h in 1980.
Nineteen people were listed for this 900-HBtu/h boiler plant.

No doubt coal has some special problems in Alaska because of freez-
ing temperatures. Also transportation difficulties and costs must
be considered carefully. Railroad trackage is in poor condition and
has been partially removed. No locomotive is available on base.
The base has an expandable landfill to satisfy solid-waste disposal
requirements.

8. COAL-CONVERSION PROJECT OUTLOOK

Based on the capacity factor analysis, the most economical coal
options would probably be to replace/refit two boilers. The maximum
load factor for conversion/replacement of two 150-MBtu/h units (375
HBtu/h fuel input for both units) would be -0.80. If 90% coal
system availability is assumed, then the estimated overall capacity
factor for coal-firing will be 0.8 x 0.9 = 0.72.

8.1 Effect of Environmental Regulations on Selection of Combustion
Technologies

SO2. SO2 removal is required because the proposed project is
larger than 100 HBtu/h.

NOx. No special NOx reduction methods will be required for any
of the combustion technologies.

Particulates. Bag filters or electrostatic precipitators will
be required.

8.2 Physical Space and Aesthetics

Heating Plant. The existing plant was originally designed for
coal. There is space available for reinstalling combustion
equipment at the existing boiler or for constructing a new
boiler at atrther site on base.

Coal-Handling Equipment. There is spuce available for coal-
handling equipment at the existing boiler.

Coal Pile. There is space available for a coal pile at the
existing plant or at a new site on base.
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8.3 Technical Risk of Combustion Technologies

The boilers were originally designed for coal, and the lowest
risk is for refit of stoker firing. However, the need for SO2
control increases the overall risk for that option, as well as

the other coal-combustion technologies.

9. COGENERATION PROJECT OUTLOOK

Cogeneration is currently being used at Elmendorf; hencef an evalua-

tion of its potential is not provided.
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10. INPUT ANID LCC SUW.ARY SPREADSHEETS

rimDOrT AMU 2 X 150 6Ctu lir. V.CWC(C PR1TES NfWMAL VALVUES
Total steam output m 300.0 HBtu/hr

Boiler capacity :actor - .719

Nwrcobr of units for refit - 2

Hydrated lime prite(Sfton) " 40.00 COAL 1IPWIZS

Ash disposal price (S/ton) - 10.00 R.O,.. Stoker

Electric price (cents/kih) - 3.50 Ash fraction- .139 .130

Labor rate (k$/yr) w 35.00 Sulfur fraction w .002 ,00Z

Limestone price (S/ton) w 20.00 HUhV (tullb) m 7650. 7650.

FUEL PRICES FUEL PRICES

Natural gas price (S1/tu) " 2.05 R.O.. coaL (S/Htu) u 1.63

#2 Oil price (1/Mtu) m 4.71 Stoker coal ($/Mtu) " 2.16

f6 Oil price ($/HMtu) N .00 Coal/1120 mix (SI1Htu) m 3.00

OPTIONS Coalloil mix (SIHBLu) w 3.50
Soot blower multiplier - .0

Tube bank mod multiplier - .0 imery fuel Is 3

Bottom ash pit multiplier - 1.0 NATURAL GAS

502 contrcl multiplier - 1.0 146 Oil, 2-42 Oil, 3*hG

LIlMTOEILIQM

Inert fraction - .05

EcoMaixC PA~Xf*TMS
Inflation & discounting base year - 1988

Gen infla index (1987 to base yr) - 1.040

Gas infla index (1988 to base yr) w 1.000

Oil infla Index (1968 to base yr) - 1.000

Coal infla index (1088 to base yr) - 1.000

Project start year a 1990

Project life (yr) n 30

Depreciation life (yr) w 15
General inflation rate (C/yr) - 0

Type of gas escalation - egas

Type of oil escalation - soil

Type of coaL escalation u ecoal

Discount rate (2/yr) - 10

Rate of return on invest (X/yr) - 17

Amount of working capital (month) - 2

Federal income tax rate (I) - 34

Local prop tax (& Ansur) rate (Z) w 2

REAL ESCALATION RATE (/yr)

TYPE OF FUEL 1988 1990 1995 2000 AND

FUEL ESCALATION -1990 - 5 -2000 BEYOND

Gas egas 3.89 8.d7 5.77 5.77

Oil coil 4.86 7.87 4.16 4.16

Coal ecoal 1.16 2.31 1.19 1.19

3:45 PH Oct 24, 1988
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]1LMM AFS, 2 X 150..tuthr. YNO(TC PARNMIUS - OKNAO L VA1.UVS

Total steam output - 300.0 Hltu/hr Cost base year w 1085

Boiler capacity factor - .710 Primary fuel m NATURAL GAS
Number of units for refit - 2

ANNUAL COSTS

* FUEL/ FUEL TOTAL MAINT OTHER

OF STEM PRICE CAPITAL FUEL O &H O &H

IECHNOLOGY UNITS EFF $/Mtu k$S k3 Ic$ k$
Natural gas boiler -- .603 2.05 .0 4041.9 443.2 817.8

#2 Oil fired boiler -- .800 4.71 .0 11124.6 443.2 817.8

J6 Oil fired boiler -- .800 .00 .0 .0 .0 .0

Micronized coal refit 2 .800 1.63 9386.9 3849.9 724.1 1573.6

SLagSing burner refit 2 .800 1.63 16028.4 3849.9 724.1 1573.8

ModuLar FBC refit 2 .790 1.63 18351.5 3898.7 667.9 1486.4

Stoker firing refit 2 .740 2.16 16257.6 5515.4 1060.0 1567.3

Coal/water slurry 2 .750 3.00 8896.0 7558.1 667.0 1361.9

Coalloil slurry 2 .780 3.50 7728.6 8478.7 531 9 1133.8

Low Bt.u ga-tter refit 6 .59 2.16 27376.7 6197.1 616.0 3377.1

Packaged shell stoker 6 .740 2.16 26976.7 5515.4 1060.0 1806.2

Packaged shell FBC 6 .760 1.63 25007.4 4052.5 667.9 1737.8

Field erected stoker 1 .780 2.16 24711.4 5232.8 1055.9 1396.5

Field erected FBC 1 .800 1.63 12309.6 3849.9 775.7 1358.8

Pulverized coal boiler I .800 1.63 28117.7 3849.0 1175.9 1480.6

Circulating FZC 1 .810 1.63 28500.3 3802.4 663.9 1470.6

AIR FORCE PROJFCT PRIVATE PROJECT

LIFE LIFE

C7CLE CYCLE

COST, DISCOUNTED COST,

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOWNTED BENEFIT/

Of USE, AS SPENT COST PERIOD. AS SPENT COST

TECHeLOGY UNITS ton/yr kS RATIO yr kS RATIO

Natural gas boiler .. .. 95,354 1.000 <--- Existing system, primary fuel

*2 Oil fired boiler 179,723 --

46 011 fired boiler -- -- 0 --

Micronized coal refit 2 154,374 62,462 1.527 8.5 68,800 1.386

SLagging burner refit 2 154,374 67,951 1.403 12.0 77,676 1.228

Modular FBC refit 2 156,328 69,143 1.379 12.9 80,032 1.201

Stoker firing refit 2 166,890 86,653 1.100 23.2 97,019 .983

Coal/water slurry 2 164,665 94,382 1.010 30.0 101,268 .941

CoaL/oiL slurry Not evaluated

Low Btu gasifier refT 6 187,517 112,341 .849 >31 128,846 .740

Packaged shell stoker 6 166,890 97,373 .979 >31 113,259 .842

Packaged shell FEC 6 162,498 78,115 1.221 18.2 92,541 1.030

Field erected stoker 1 158,332 89,630 1.064 25.9 104,194 .915

Field erected FBC 1 154,374 71,929 1.326 14.7 84,823 1.124

Pulverized coal boiler 1 154,374 81,256 1.174 20.3 97,241 .981

Circulatinx FBC 1 152,468 76,471 1.247 17,6 92,507 1,031

3:45 PM Oct 24, 1986
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.1)0-1CN ? AM? 2 X 150 btulhr. FUE, RAL ESCALA.TION AO 1087

Total steam output m 300.0. Mtu/hr
Boller capacity factor - .719

Number of units for refit w 2

Hydrated lime price(S/ton) w 40.00 C:OAL iOP'TIES

Ash disposal price (S/ton) - 10.00 BAL Sotgr

Electric price (cents/kWh) - 3.50 Ash fraction - .139 .139

Labor rate (k$/yr) - 35.00 Sulfur fraction .002 .002

Limestone price ($/ton) 20.00 M (Btullb) - 7650. 7850.

FUE PRCE FUEL PRCE
Natural &As price (S/HPtu) 2.05 R.O.H. coal (5lHPtu) - 1.63

#2 Oil price (3/=Itu) - 4.71 Stoker coal (813tu) 2.18

fB OI price (3/H3tu) .00 Coal/H20 mix (3/HMtu) 3.00
OPTIOIS Coal/oil mix (8/Htu) 3.50

Soot blower multiplier - .0

Tube bank mod multiplier - .0 Pri-ary fuel Is 3

Bottom ash pit multiplier a 1.0 NATURAL GAS

S02 control multiplier - 1.0 1*#6 11, 2-J2 Oil, 3-M,

LIMESTONEILIHE
Inert fraction a .05

ECSOOMC PARAMETRS

Inflation & diacounting base year - 198!

Gn infla index (1987 to base yr) - 1.040

Gas infla Index (198 to base yr) " 1.000

Oil infla index (1988 to base yr) - 1.000

Coal infla Index (1988 to base yr) - 1.000

Project etart year - 1990

Project life (yr) - 30

Depreciation life (yr) - 15

General inflation rate (Zlyr) - 0

Type of gas escalation e egas
Type of oil escalation - soil

Type of coal ercalation -acoal

Discount rate (2/yr) - 10
Rate of return on invest (X/yr) - 17

, mt of working capital (month) - 2

Federal income tax rate (2) - 34

Local prop tax (& Insur) rate (Z) - 2

REAL ESCALATION RATE (/yr)
TYPE OF FUEL 1988 1990 1995 2000 AND

FUEL ESCALATION -190 ,1995 -2z00 EEYOND
Gas egas 2.28 4.70 5.49 2.75

Oil coil .17 4.16 5.55 2.77

Coal ecoal 1.46 1,76 1.61 .81

3:52 PH Oct 24, 1988
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ML P ATB: 2 X 150 Mtlbr. VY1ML U& 1CALATION 8O 7

Total steam output - 300.0 tuhr Cost bass year m 1988

Bollet capacity factor - .719 Primary fuel - NATURAL GAS

X-ber of units for refit - 2

ANNUAL COMSTS
# F=L/ FUEL TOTAL AINT rTU

OF STF4 FICE CAPITAL FUEL 0 & H 0 & H

TV M10trCtY IlTS EFF $1H3tu W ks VA VS
Natural gas boiler -- .800 2.05 .0 4841.9 443.2 817.8

#2 Oil fired boiler -- .800 4.71 .0 11124.5 443.2 817,8

#6 011 fired boller -- .800 .00 .0 .0 ,0 .0

Hicronixtd coal refit 2 .800 1.63 9385.9 3849.9 724.1 1573.8

Slaiging burner refit 2 .800 1.63 16028.4 3849.9 724.1 1573.8

Hodular FBC refit 2 .790 1.63 16351.6 3808.7 667.9 1486.4

Stoker fixing refit 2 .740 2.16 16257.6 5515.4 1060.0 1567.3

Coaliwater slurry 2 .750 3.00 8696.0 7558.1 667.9 1361.0

CoalIoil slurry 2 .780 3.50 7728.6 8478.7 531.9 1133.6

Low Btu wasifitr Kofi, 6 .659 2.16 27376.7 6107.j 616.0 3377.1

Packaged shell stoker 5 .740 2.16 26976.7 5515.4 1060.0 1806.2

Packaged shell FDC 6 .760 1.63 25097.4 4052.5 667.9 1737.8

Field erected stoker 1 .760 2.16 24711.4 5232.6 1055.9 1396.5

Field erected FEC 1 .800 1.63 22309.6 3849.9 775.7 1358.8

Pulverized coal boiler 1 .800 1.63 28117.7 3849.9 1175.0 1480.6

Crine%1mtina FPC 1 .810 1.63 265C0.3 5802.4 6I93.9 1470.6

AI UO1MCE P1j3Et~r RVEFO
LIFE LIFE

CfCLZ CYCLE

COST, DISCOUNTED COST,

COAL DISCOUNTED BENEFIT/I PAYBACK DISCOUNTED BEHEFITI

# OF USE, AS SPENT COST PERIOD, AS SPENT COST

TECHROLOGY UNITS tonlyr kS RATIO Xr . S kS RATIO

Natural gas boiler .. .. 70,854 1.000 <--- Existing system, primary fuel
#2 Oil fired boiler .. .. 141,045 -

#6 il fird boiler -- -- 0 --

Hicronized coal refit 2 154,374 61,850 1.146 14.3 e8,170 1.039

Slagging .urner refit 2 154,374 67,339 1.052 22.9 77.046 .920

Modular FBC refit 2 155,328 68,523 1.034 25.3 79,395 .892

Stoker firing refit 2 166,890 85.776 .826 >31 986,117 .737

CoalIwster slurry 2 164,665 03,180 .760 >31 100,052 .708

Coal/oil slurry Not evaluated

Low Btu gasifier refit 6 187.517 111-355 .636 :31 127,832 .554
Packaged shell stoker 6 166,890 96,496 .734 :31 112,357 .631

Packaged shell FBC 6 162,498 77,470 .915 >31 91,878 .771

Field erected stoker 1 158,332 88,798 .798 >31 103,339 .686

Field erected FEC 1 154,374 71,317 .994 >31 84,194 .842

Pulverized coal boiler 1 154,374 80,644 .879 >31 96,611 .733

Circulating FBC 1 152,468 75.867 .034 >31 - 91.88 .771

3:52 PH Oct 24, 1988
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EtVXXX AF5-t 7 X 150 Mttulhr. nU EW R . LATT01 ZMDO
Total ateam outpuL w 300.0 M~tu/hr

Dollar capacity factor a .719

N-- ber of units for refit m 2

Hydrated 1L1m price(/ton) 40.00 0DAL JIi'tTITS
Ash disposal price (3/ton) 10.00 L.OX Sk±e

Electric price (cents/kWh) - 3.50 Ash traction - .130 .139

Labor rate (k3lyr) - 35.00 Sulfur traction - .002 .002

Limestone price (8/ton) 20.00 111V (MtulLb) - 7650. 7050.
run r uc ru 1lXCTS

Natural gas price (S/l3tu) - 2.05 R.O.H. coal (31HMtU) - 1.63

92 Oil price ($/HKtu) w 4.71 Stoker coal (31H/tu) w 2.15

t0 Oil price (3/1tu) - .00 Coal/1120 nix ($/1utu) " 3.00

OMOKcS Coal/oil mix (CSHLtu) - 3.50

Soot blower multiplier " .0

Tube )ank mod multiplier - .0 rima r fuel, In 3

Bottom ash pit multiplier - 1.0 NATURAL CAS

S02 control multiplier - 1.0 1-#6 Oil. 242 Oil, 3-NG

Inert fraction % .05

ECAIMIC PARAMETERS
Inflation & discounting base year * 1980

Gen Infla Index (1057 to base yr) a 1.040

Gas infla index (1088 to base yr) w 1.000

Oil Infla Index (1988 to base yr) 1.000

Coal infla Index (1988 to base yc) 1.000

Project start year 1990

Project life (yr) 30

Oepzeciation life (yr) 15

General inflation rate (I1yr) - 0

Type of gas escalation " zero

Type of oil escalation - zero

Type of coal escalatLon - zero

Discount rate (1/yr) a 10

Rato of return on Invest (IMyr) - 17

Amount of working capital (month) a 2

Federal income tax rate (2) - 34

Local prop tax (A insur) rate () - 2

SREAL £MCALATI01PRATE (21yr)

TYPE OF FUEL 1088 1990 1995 2000 AND

FUEL ESCALATION Z1990 -1995 -2000 BEYOND
Gas Zero 0 0 0 0

Oil zero 0 0 0 0

Coal zero 0 0 0 0

3:59 P t Oct 24. 1985



rNXftCEW Arig: . X I O tfl~uhr. Flt. P.AL r-C4ALATIMC- 7?010

Total stam output. - 300.0 H0tu/hr Cost base year w 198

Boiler cap4city factor w .719 Primary fuel " 1TURAL GAS

Number of units for refit - 2

M-W~ AL CM--"
# FIUL FUEL TOTAL HAINT OTHEPt
Or- STVJI MICE CAPITAL FUEL. 0 OA 06&K

UN?$txYtITS FF 8IHMt4 W$ M k3

Natural &4s boiler -- .600 2.05 .0 4841,0 443.2 817.8

#2 Oil fired boiler -- .800 '.71 .0 1112A.5 443.2 817.8
J16 Oil fire _ tItlr "" .280 .00 .0 .0 .0 .0

Micronized coal refit 2 .800 1.83 9385.9 3840.9 724.1 1573.8

Slaging burner refit 2 .800 1.63 16028.4 3849.9 724.1 1573.5

Modular FC refit 2 .700 1.63 18351.6 3808.7 657.0 1485.4

Stoker firing refit 2 .740 2.16 15257.6 5515.4 1060.0 1567.3

Coallwater slurry 2 .750 3.00 825.0 7558.1 1167.0 1381.9

Coalloil slu:ry 2 .780 3.50 7728.6 a478.7 531.0 1133.8
Low 11;u legitfler reoit 6 .059 2.15 27376.7 6197.1 616.0 3477.1

Packaged shell stoker 6 .740 2.18 26076.7 5515.4 1060.0 1800.2

Packaged shell FOC 6 .760 1.63 25097.4 4052.5 657.9 1737.8

Field eronted stoker 1 .780 2.15 24711.4 5232.0 1055.9 1398.5

Field erected FBC 1 .800 1.63 22309.0 384.9 775.7 1358.8

Pulverited coal boiler 1 .800 1.63 28117.7 3840.0 1175.0 1480.6

Circiolat.ng PVN .810 1,63 26500.3 3802.4 t.93.0 1470.6

AIR FPPCE PWt'CT PRIVATE 7 1OECT
LIFE LIFE

CYCLE CYCLE

COST. DICCOUIITED COST.
COAL DI.COUFNTED BEEFIT/ PAYBACK DISCOU TED SFJ.FITI

# OF USE, AS SPENT COST PERIOD, AS SPENT COST

EV-rK1Ler-y UNlITS tronlyr I$ RATIO Yr kS PATIO
Natural ea3 boiler .. .. 48.057 1.000 <--- Existing system, primary fuel

#2 Oil fired boiler 97.005 --

#6 Oil fired t'nfler - 0 -

Hicronized coal refit 2 154.374 56.488 .851 >31 62.656 .767

Slagging buner refit 2 154.374 61,977 .775 D31 71.53: .672
Modular FBC refit 2 156.328 63,093 .762 :'31 73,811 .651

Stoker firing refit 2 163,890 78,094 .615 >31 88,218 .545

Coal/water slurry 2 164.665 82.653 .581 )31 69,227 .539
Coal/ol slurry ot evaluated

Low Bt~u asifler refit 0 187J517 102.724 .68 :,3 118.257 404

Packaged shell stoker 6 166.890 88,814 .541 1131 104.457 .460

Packaged shell FBC 6 162,495 71,826 .669 >31 66.074 .558

Field erected stoker 1 158.332 81,510 .590 >31 95,844 .501

Field raected FBC 1 154,374 65.955 .729 >31 78.679 .611

Pulverized coal boilor 1 154,374 75,282 .638 >31 91,097 .528

Cireulating FPC 1 152,468 70,571 .681 :31 8 ,439 ,556

3:59 P1 Oct 24, 1988
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JILL AFB: AFLC

1. BACKGROUND

luill AFB is lucated near Ogden, Utah. Thore are about 13 steam
plants located on this base, with plant No. 260 being by far the
largest fuel user (yearly ave-age is -115 HBtu/h). Boiler plant
No. 825 is the second largest fuel-using heating facility, but it is
probably too small for coal co be an economic option.

Boilers at both heating plants are watcr-tube-type units which
produce 100 psi steam and are designed for distillate oil and
natural gas-firing. Natural gas is presently the primary fuel.

2. HEATING PLANT UNITS

Heating Plant No. 260:

2 x 28.5 MBu/h, Cleaver Brooks, 1975
4 x 33.5 HBtu/h, Union Iron Works, 1955
2 x 33.5 HBtu/h, Erie City, 1962

Heating plant No. 825:

3 x 40.2 HBtu/hv Murray Iron, 1957

3. IDEAL CAPACITY FACTOR ANALYSIS

The ideal capacity factors listed below were calculated from monthly

fuel use data for plant No. 260.

FY 1985
Fuel ideal
input capacity

(HBtu/h) faccor

30 0.83
50 0.81
70 0.75
90 0.71
120 0.67
150 0.64
180 0.61

4. ENERGY PRICES

FY 1986 Price Data:

Electricity = 5.2c/kWh
Distillate = *5.92/MBtu
Natural gas = $2.85/MBtu
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C. II. Guernsey and Co. Sur X:

Electricity = none given
Distillate = 5.63/Httu

Natural gas = 2.97/HBtu

5. COAL PROPERTIES AND PRICES

Stoker ROM

Origin Ogden, Utah Ogden, Utah
111WI, Btujlb li,900 11,650
Z Ash 8 8
% Sulfur 0.6 0.6
X Nitrogen 1.4 1.4
Ash-softening temperature, "F 2300 2300
Swelling index 2-2.5 2-2.5
Top size, in. 1 1/2 2
Bottom size, in. 1/4 0
Fines, Z 7 35
Grindability index 48-50 48-50
Cost at mine, $/ton 23 20
Delivered c9stj $/ton 31 28
Energy cost, $/106 Btu 1,30 1.20

6. ENVIRONMENTAL REGULATIONS

6.1 Air Pollution Emission Limits for Nev Sources

Best Available Control Technology (BACT) is required on all
sources for all types of air emissions. The EPA New Source
Performance Standards are considered as the minimum control,
and BACT may be more stringent. This is determined on a case-
by-case basis.

6.2 Coal-Pile Runoff

The coal pile will have to ke contained within the property,
and the runoff will have to drain into a wastewater system (or
pond) for treatment. No discharge into rivers will be per-
mitred.

6.3 Ash Disposal

There are no specific rules for coal ashes, and they may be

disposed of in an approved sanitary landfill.

7. OTHER CONSIDERATIONS

A study should be done to see if some of the smaller steam plants
could be eliminated by using a better steam distribution system.
Air-quality constraints appear to be strict.
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8. COAL-CONVERSION PROJECT OUTLOOK

The most probable project for plant No. 260 would involve refit/
replacement of three 33.5-HBcu/h boilers. The boilers would have to
be derated to 25 HBtu/h each because they were originally designed
for No. 2 oil. Low gas prices will probably prevent any coal con-
version projecL from being economical at this time.

An overall load factor of about 64% is estimated for refit/replace-
ment of three 25-HBtu/h units (equivalent to -94 MBru/h total fuel
input), assuming 90% availability.

8.1 Effect of Environmental Regulations on Selection of Combustion
Technologies

S2. Since the best available Control Technology is required,
90% SO2 reduction will be required for dry coal combustion, or
deep-cleaned, coal-water mixture will be required.

NO.. Measures will have to be taken to minimize NOx for any of
the combustion technologies employed.

Particulates. Bag filters or electrostatic precipitators will

be required.

8.2 Physical Space and Aesthetics

Heating Plant. The existing boiler plant was originally de-
signed for No. 2 oil. There is only enough space available for
installing coal-water-mixture combustion equipment at the
existing boiler or for construction of a new boiler at another
site on base.

Coal-Ilandling Equipment. There is no space available for
installing dry coal-handling equipment at the existing boiler
plant, but there is enough space for installing coal-water-
mixture equipment.

Coal Pile. There is no available space for a coal pile at the
existing boiler plant, but there is space at another site on
base for a coal pile and a new coal-fired boiler.

8.3 Technical Risk of Combustion Technologies

The existing boilers are designed for No. 2 oil- or gas-firing
and therefore are only Luitable for conversion to coal-water-
mixture firing. The technical risk is fairly high because of
limited experience of coal-water-mixLure firing of No. 2 oil-
designed boilers.
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9. COGENERATION PROJECT OUTLOOK

The prospects for a coal-fired cogeneration system appear to be
somewhat marginal. The base has a high minimum monthly average
electric load, 15 HWe, but the price of electricity is moderate
(5.2c/kWh). Based on the FY 1986 energy-use data, a cogeneration
plant with a boiler rating of 91-HBtu/h output and a 6.7-HWe turbine
generator wo,,ld have an electrical power capacity factor of 90Z and
a peak thermal output of 68 HBtu/h, with a thermal energy capacity
factor of about 65% if used as a baseload heating planL. A water-
tube boiler with a steam rating of 1450 psia and 950"F would be the
most suitable boiler for this cogeneration system.
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10. INMUT AMD LCC SUWtA, Y SFEAMISIIES

KM!. M-l 3 X 25 M6tulhr. iZCWC FAR MUM VUEAL MALU

Total steam output 75.0 1Hatu/hr

Boller capacity factor - .635

1(mbor of units for refit - 3

Rydrated lima priceCS/ton) 40.00 COAL M'rVJDmTX

Ash disposal price (S/ton) 10.00 X.IflJ StoklU

Electric price (cents/kh) - 5.20 Ash fr, on - .080 .010

Labor rate (kS/yr) n 35.00 Sultur fre .on .00 .006

Limestone price (Siton) - 20.00 HV (P ,lb) w 11850. 11900.

Matural gas price (SIlHtu) a 2.97 X.O.H. coal ( 4tu) *' 1.20

#2 Oil price (/tttu) - 4.71 Stoker coal f.,trtu) - 1.30

#6 Oil price ($lH~tu) - .00 Coal/120 mix (S1Htu) 3.00

OfTIONS Coalloil mix (S/MgtE - 3.50
soot blower multiplier - 1.0

Tubs bank mod multiplier - 1.0 PWimary fueL Is 3

Bottom ash pit multiplier - 1.0 NATURAL GAS
S02 control multiplier - 1.0 1-8 OiL. 2-#2 Oil. 3N0)

LIMEIMIILUI'I

Inat fraction a .05

ZOOOC PARAMCTUIS

Inflation & discounting base year a 1988

Gen infla index (1987 to base yr) a 1.040
Gas infla index (1988 to bane yr) - 1.000

Oil infla index (1980 to base yr) a 1.000

Coal infla index (1988 to base yr) - 1.000

Project start year a 1990

Project life (yr) w 30

Depreciation life (yr) w V'

General inflation rate (Z/yr) - 0

Type of gas escalation - egas

Type of oil escalation - soil

Type of coal escalation - ecoal

Discount rate (Z/yr) - 10

Rate nZ return on invest CZ/yr) - 17

Amount of working capital (month) a 2

Federal income tax rate (2) - 34

Local prop tax (& insur) rate (Z) - 2

REAL ESCALATION RATE (lMyr)

TYPE OF FUEL 1988 1990 1995 2000 AND

FUEL ESCALATION -1990 -1995 -2000 BEYOND

Gas *gas 3.89 8.87 5.77 5.77

Oil eoil 4.86 7.87 4.16 4.16

Coal ecoal 1.16 2.31 1.19 1.19

4:58 PH Oct 19, 1988
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J]31 API! 3 X 25 Itulhr. XCO(IC DBRMS= - ICHINALVALU
Total stgam output - 75.0 M tuhr Coat base year - 198

Boller capacity factor - .635 Priury fueL - NATURAL GAS

Nuw*er of units for refit. 3

ANNUIIAL COSTS

# TUEL/ FUEL TOTAL MA7NT OTHER

OF STAM PRICE CAPITAL FULL 0 & 0 & H

TECOLCOY UNITS EFF 01Mltu kS kS 3S k

Natural gas boiler .800 2.97 .0 1548.8 206.6 535.6

#2 Oil fited boiler -- .800 4.71 .0 2456.2 205.6 535.6

#6 Oil fired boiler -- .00 .00 .0 .0 _0 .0

Hicronized coal refit 3 .800 1.20 5449.5 625.8 40.8 935.9

Slagging burner refit 3 .800 1.20 8857.9 625.8 440.8 935.9

Modular rlC refit 3 .790 1.20 10055.0 633.7 405.5 905.2

Stoker firing refit 3 .740 1.30 6072.0 732.9 630.7 923.6

Coal/watoer slurry 3 .750 3.00 5411.4 168.8 405.5 802.2

Coal/oil slurry 3 .780 3.50 4453.0 1872.0 322.9 735.2

Low Btu asitifer refit 3 .659 1.30 8971.8 823.5 374.0 1310.5

Packaged shell stoker 2 .740 1.30 7747.4 732.9 630.7 860.1

Packaged shell FC 2 .760 1.20 7263.5 655.7 405.5 644.0

Field erected stoker 1 .780 1.30 10158.7 695.3 626.2 750.3

Field erected FTC 1 .800 1.20 9245.3 625.8 470.9 744.7

Pulverized coal boiler 1 .800 1.20 11543.5 625.6 701.0 802.7

Circuletinh FBC 1 .810 1.20 11141.2 615.1 403.0 .900.,

ATR a-RCE PROJECT PRIVATE PROJECT

LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST,

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/

# OF USE, AS SPENT COST PERIOD, AS SPENT COST

TECHNOLOGY UNITS ton/yr k$ RATIO yr k$ RATIO

Natural gas boiler 33,218 1.000 <--- Existing system, primary fuel

#2 OIL fired boiler .. .. 43,422 --

#6 Oil fired boiler - 0 -

Hicronized coal refit Not applicable because of space limitations

Slagging buruer refit Not applicable because of space lim!tations

:4odular FEC refit Not applicable because of space limitations

Stoker firing refit Not applicable because existing boilers weze designed for #2 oil

Coal/water slurry 3 23,874 29,939 1.110 22.0 33,420 .994

Coal/oil slurry Not evaluated

Low Btu xasifier refit Not applicable because of space limitations

Peckaged shuLl stoker 2 23,685 25,590 1.298 15.0 30,085 1.104

Packaged shell FEC 2 23,550 22,358 1.486 11.0 26,526 1.252

Field erected stoker 1 22,473 26.355 1.260 16.8 32,045 1.037

Field erected FBC 1 22,382 23,500 1.414 13.0 28,664 1.159

Pulverized coal boiler 1 22,382 27,909 1.190 19.5 34,317 .968

Circulatin FBC 1 22.105 24,824 1.338 15.1 30,949 1,073

4:58 PH Oct 19, 1988
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HTLL AMl! 3 X 25 lltulhr. 12ML REAL IK.TIO! - A 0 1947

Total &team otput. 75.0 tlmtulhr
Bo er capacity factor ..535

Number of units for r4tit , 3

lyd:ated lImt pritco($ton) - 40.00 COAL lMrTIYZ

Ash dispoAl~ price (Slton) . 10.00 R. Sikg
Electric price (centslekWh) - 5 20 Ash fraction - .060 .080

Labor rate (kSlyr) a 36.00 Sulfur fraction a .006 .005

Lituam4 price (3/ton) w 20.00 IIIM (Btullb) - )1650. 11900.

tuEL Ft 21CM 7. "UCE3

Natural gas price ($Ilitu) % 2.97 R.O.H. coal (SI/tu) 1.20

92 Oil price (3/1Mtu) 4 4.71 Stoker coal 5$/1Mtu) , 1.30

#6 Oil price (3/tMtu) .00 Coal/H20 mix (S/Xtu) 3.00

OPTIONS Coalloil mix (3I1Btu) 3.50

soot blower multiplier w 1.0
Tube bank mod mulLipLiar - 1.0 Priftary fgL Is 3

Bottom ash pit multiplier X ,.0 NIATURAL GAS
S02 control multiplier A 1.0 l-f6 Oil, %-2 Oil, 3-NG

LUIESTMIELIME
Inert. fractic - .05

rcoMCc rA MEM,

Inflation & disccui.ting base year w i88
Gin Lfla index (1087 to base yr) - 1.040

Gas inftl Index (1988 to bes* yr) - 1.000

oil inCla index (1988 to base yr) - 1.q90

Coal inl h index (1088 to base yr) w 1.000

Project start year w 1990

Project life (yr) - 30

Depreciation life (yr) - 15

General Inflation rate (Zlyr) - 0
Type of gra escalation -egas

Type of oil esctlation - oil

Type of coal escalation " scoal

Discount rate (1/yr) - 10

Rate of return on invest (Z/yr) " 17

Amount of working capital (m onth) - 2

Federal ino -e tax rate (1) - 34

Local prop tax (A insur) rata (2) - 2

REAL ESCALATION RATE (2/yr)

TYPE OF FUEL Ma 1990 1995 2000 AND

FUEL ESCALATION( -1990 -1995 -2000 BEYOND

Gas egas 2.28 4.70 5.49 2.75

OiL eoil .17 4.16 5.55 2.77

Coal *coal 1.46 1.76 1.61 .81

5:0. PH Oct 19, 1988
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NTLL A78 3; X 25 lotu/hr. YVM EL. ESCALATION - 6!O 1987

Total steac output, % 75.0 Mltu/hr Cost. base year - 1988

Boiler coaity factor " .535 Primary fuc-' a NATURAl GAS

N=.ber of units for refit, a 3

ANbVA-L =3T
# FIEL/ FUEL TOTAL MAINT OTHER

OF STEAM PRICE CAPITAL FUEL 0 & M a & M

TEC"40L(*Y UNMITS EF? SJM/t.'i k3 kS k$ t.

Natural &4& boiler -- .800 2.97 .0 1548.8 206.8 535.6

#2 OIL flired boiler -- .800 4.71 .0 2456.2 206.8 335.6

#0 Oil ftre,4 boiler .600 .00 .0 .0 .0 .0

Micronized coal refit 3 .800 1.20 5449.5 525.8 440.6 935.9

Slagging burner refit 3 .800 1.7.0 0867.9 625.6 440.8 935.9

Modular BC: refit 3 .790 1.20 10055.0 833.7 405.5 905.2

Stoker firiLn& refit. 3 .740 1.30 8072.0 732.9 630.7 923.6

Coallwater slurry 3 .750 3.UO 5411.4 1665.8 405.5 802.2

Coalloil slurry 3 .780 3.50 4453.0 1872.0 322.9 738.2

Lo Btu tasif er refit. 3 .659 1.30 $971.8 23.5 374.0 1310,5

Packaged shell stoker 2 .740 1.30 7747.4 732.9 630.7 80.1

Packaged shell FTC 2 .760 1.20 7263.5 658.7 405.5 844.0

Field erectoed stoker 1 .780 1.30 10158.7 695.3 628.2 750.3

Field erected FIC 1 .800 1.20 9245.3 625.8 470.9 744.7

Pulverized coal boiler" 1 .800 1.20 11543.5 625.8 701.0 07.7

Circulating T C 1 .810 1.20 11141.2 818.1 4.3.0 600.8

AIR FCRCE P TPRIVATE PROJECT

LIFR LIFZ

CYCLE CYCLE

COST, DISCOUNTEO COST,

COAL DISCOUNTED BEHEFITi PAYBACK DISCOUNTED BENEFIT/

OF USE. AS SPENT COT PERIOD, AS SPENT COST

TECRN1OLOSY UNITS- tpn Ivr RATIO Yr ks mx
Natural gas boiler .. .. 25,381 1.000 c--- Existing system, primary fuel

#2 Oil fired boiler .. .. 34,882 --

46 Oil fired 1'ler .. .. 0 --

Micronized coal refit Not applicable because of space limitations

Slogging burner refit. Not eppl.cAble because of space limitations

Modular FB. refit Not applicable because of space limitations

Stoker firing refit Hot applicable becausit existing boilers ware designed for #2 oil

Coal/water slurry 3 23,874 29,673 .855 '31 33,147 .766

Coal/oil slurry Not evaluatad

Low Btu gtsifier refit_ Notaplicable because of apace limitations
Packaged shell stoker 2 23,688 25,473 .99U z31 29,965 .847

Packaged shell FBC 2 23,560 22,254 1.141 16.7 26,419 .961

Field erected stoker 1 22,473 26,244 .967 ;31 31.931 .795

Field c.ected FBC 1 22.382 23,4lO 1.085 20.8 28562 .889

Pulverized coal boiler 1 22.382 27,V.9 .913 >31 34.214 .742

Circulatinp FEC. 1 22.105 24,726 1.026 26.9 30,848 .823

5:04 FM Oct. 19, 1988
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DTLL Afl 3 X 25 .Stu'.r. REAL X3 .ATIr -ZW

Total steam outpit. - 75.0 Hatulhr
Boller capacity factor - .635

Xuvwbsr of units for refit - 3
ytdrated lim prlce$/ton) - 40.00 COAL 1I1VErWI;S

Ash disposal price (/ton) * 10.00 . Stoker
Electric price (cencslkWh) - 5.20 Ash fraction - .010 .080

Labor rate (kSlyr) .. 35.00 Sulf -r fre6ctLon - .006 .005

Limeson.-i price (S/ten) - 20.00 WV (Du/lb) W- 11550. 11900.

XaLur l goa price (3/IMtu) 2.97 R.O.M. coal (SI-t I - 1.20

12 Oil ?.lc* (/Miu). 4.71 5tokre coal ( l/pmu) - 1.30

#6 Oil price (SIBLtu) .00 Coal/I20 PrIx (3,tu) - 3.00

OMlIMNS Coal/oiL mix ($11 tu) " 3.50

Soot. blower awltiplite 1.0

Tube bar% mad multiplier 1.0 Primary fuel is 3

bottom ash pit multiplier.a 1.0 VATURAL GAS
S02 control multiplier - 1.0 14*6 Oil, 2'#2 OIL, 3-43

L1)£STVPE/LT7C

Inert fraction " 5

ZIO(1C ?ARAMETM1

Inflation & discounting base year " 193
Cen infla index (1057 to base yr) - 1.040

Gas Infla index (1955 to base yr) - 1.000

Oil infla index (1988 to base yr) " 1.000
Coal infla index (1988 to base yr) - 1.000

Project start year - 1990

Project, lite (yr) - .0

Depreciation lie (yr) - 15

General Inflation rate (X/yr) m 0

Type of gas escalation - zero
Type of oil, escalation - zero

Type of coal escalation - -ero

Discount rate (Zlyr) - 10

Rate of return on Invest (Ilyr) , 17

Amount of working capital (month) - 2

Federal income tax rate () - 34

Local prop tax (& insur) rate (1) - 2

REAL MS.ALTIO$ RATE (Z/yr)
TYPE OF FUEL 1988 1990 1995 2000 AND

FUEL ESCALATION -1990 -1995 -2000 BEYOND
Gas zero 0 0 0 0

OIL zero 0 0 0 0

Coal zero 0 0 0 0

5:09 PIH Oct 19. 1988
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NILL All! 3 X 25 )Utulr. 11M3 P=A ESCALATIS( w

Tot a*tsA outWp * 75.0 FS ulhr Cost. bas year - 1914
Boilor capacity factor - .535 Primary fuel - NATURA GAS

Number oC units for refit - 3

_ &VAL COSTS

# FIJZLI FUEL. TOTAL KUP1T OTME

O0 ST4 PRICE CAPITAL ru o 0 1H o & M
TECNNOLWY VVh1TS EVT 21?/tu N3 Ic3 5 k3

Natural las boilor -- .800 1.97 .0 1541.1 206.1 535.6

#2 Oil fired bollar -- .800 471 .0 2450.2 206,8 535.6

#6l (1.LX oile21r .8'!0 .00 .0 10 4 .0
Micronized coal refit 3 .00 1.20 5449.5 623.6 440.0 935.9

Slagging burner refit 3 .800 1.20 8857.9 625.8 440.4 935,9

Modular FEC refit 3 .700 1.20 10055.0 633.7 405.5 905.2

Stoker firing refit 3 .74 1.30 1072.0 732.9 63a.7 923.6

Coal/wate: slurry 3 .750 3.00 5'11.4 165.8 405.5 102.2

Coalloil slurry 3 .780 3.50 4453.0 1572.0 121.9 738.2

Low Stu usiflier rflit 3 J59 1.30 $971.A 823.5 374.0 1310.5

?ackaged shell stoker 2 .740 1.30 7747.4 732.3 530.7 50.1

Packaged shell TIC 2 .760 1.20 7263.5 865.7 405.5 844.0

Field #:ected stoker 1 .780 1.30 10158.7 605.3 628.2 750.3

Field erected FBC 1 .600 1.20 9245.3 625.5 470.9 744.7

Pulverized coal boiler 1 .800 1.20 11543.5 625.8 701.0 102.7

Clrculetirt IFC 1 .610 1.20 11141.2 615.1 403.0 600.6

AIR RCnE OJFrW PRIVATE PRO=ECT

LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST,
COAL DISCOUNTED ENEFITj FAYLACX DISCOUNTED BNtFIT/I

oF USE, AS SPENT COST PERIO0, AS SPENT COST

TUCM1W1= UNITS tonlyr kS RATI Yr k3 RATIO
Natural gas boiler .. .. 15.089 1.000 <--- Existing systm, primary fuel

#2 01 fired boiler .. .. 25,1fS --

#6 '!l1 find boiler .. .. 0 --

Micronised coal refit Not applicable because of space limitations

Slagging burner refit Not applicabie because of space limitations

Modular FIC refit Not applicable because of space limitations

Stoker firing refit Not applicable because existing boilers were designed for #2 oil

Coallwater slurry 3 23,C74 27,349 .651 )31 30.757 .588

Coal/oil slurry Not evaluated

Low Btu sasifier refit Not aRoliceble bcause of spice limitations _,

Packaged shell stoker 2 23,688 24,453 .740 231 28,915 .62a

Packaged shell FBC 2 23,560 21,336 .848 D31 25,475 .710

Field erected stoker 1 22,473 25,276 .715 >31 30,935 .385

Field erected FBC 1 22.382 22,529 .803 :31 27,665 .654

Pulverized coal boiler 1 22.382 26,935 .672 >31 33,318 .543

Circuletinx FBC 1 22,105 23,865 .758 >31 29.963 .604

5:09 PH Oct 19, 1988
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XELLY AFB: AFLC

1. BACKGROUND

Kelly AFB is located near San Antonio, Texas. The central heating
plant (building No. 376) has five water-tube boilers that burn
natural gas or No. 2 oil as the backup fuel; 125-psi steam is pro-
duced. The yearly average fuel use is about 59 HBtu/h. Boiler
efficiency is 79-82%. No boilera were designed for coal. All other
boiler plants at Kelly are too small for consideration.

2. HEATING PLANT UNITS

Heacing Plant No. 376:

2 x 54.5 HBtu/h, Babcock & Wilcox, 1971
49.6 MBtu/h, Babcock & Wilcox, 1976
2 x 50 HBtu/h, Vogt, 1954

3. IDEAL CAPACITY FACTOR ANALYSIS

The ideal capacity factors listed below were caLculated from monthly
fuel-use daLa for plant No. 376.

FY 1985
Fuel ideal
input capacity

(HBu/h) factor

40 0.99
50 0.95
60 0.87
70 0.80
80 0.72
90 0.65
100 0.59

4. ENERGY PRICES

FY 1986 Price Data:

Electricity = 5.2c/kWh
Natural gas = 3.88/HBtu

C. II. Guernsey and Co. Survey:

Electricity = 5.lc/kWh
Natural gas = S4.0/HBtu
DistlIate oil = $5.88/HBtu
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5. COAL PROPERTIES AND PRICES

Stoker RON

Origin Laredo, Tex. Laredo, Tex.
1lIVy, Bt//lb 12,900 12,300
X Ash 10-12 12
X Sulfur 1-1.5 1.1-5
X Nitrogen
Ash-softening temperature, 'F 2250 2250
Swelling index 0 0
Top size, in. 1 3/8 2 I/2
Bottom size, in. 1/8 0
Fines, X I0-15 15
Grindability index 28 28
Cost at mine, $/ton 40 35
nelivered *:OSL, v/ton 51 46
Energy coot, $/106 Bcu 1.98 1.87

6. E91VIRONHENTAL REGULATIONS

6.1 Air Pollution Emission Limits for New Sources

!OZ. For boilers <100 Hltu/h: 3 lb/Bcu; for boilers >100
HBtu/h: FBC - 90Z reduction to meet limit of 1.2 lb/HBtu;
emerging technology - 50Z reduction to meet limit of
0.6 lb/HBLu.

NOX . No emission limits for boilers <100 MBcu/h; Eor boilers
>100 HBcu/h: spreader stoker and FBC - 0.6 lb/HBtu; pulverized
coal - 0.7 lb/MBtu.

Particulates. For 50 HBcu/h: 0.3 lb/HBtu; for boilers >100
HBtu/h: 0.05 lb/HBtu.

6.2 Coal-Pile Runoff

Limit: Total suspended solids - 50 mg/L.

6.3 Ash Disposal

In most cases , coal ash is classified as nonhazardous solid
waste and may be disposed of in an approved sanitary landfill,
with approval by che State.

7. OTHER CONSIDZRATIONS

None.
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8. COM,-CONVERSIOR PRrJECT OUTLOOK

The most likely project would be to refit/replace one boiler unit.
Existing boilers -gore designed for distillate oil and natural gas,
which may make refitting an existing boiler for coal-firing quite
difficulL, unless it is derated.

If one of the 54.5-MHtu/h units were converted to coal and derated
to 43.5 HBtu/h output (-54.5 HBtu/h fuel input), the maximum capac-
ity factor based on monchly data would be roughly 91%. If equipment
availability is assumed to be 90X, the overall capacity factor would
be somewhere near 821.

8.1 EffecL of Environmental Regulations on Selection of Combustion
Technologies

SO, and NO.. Any of the combustion cechnologies being consid
ered could be employed (with 1.5Z sulfur coal) without requir-
ing any measure- for NOx or SO2 reduction because the proposed
conversion project is smaller than 100 HBtu/h.
Particulates. Bag filters or electrostatic precipitators would

be required to comply with the particulate emission limits.

8.2 Physical Space and Aesthetics

Heating Plant. The existing boiler plant was originally
designed for No. 2 oil. There is only space available for
installing coal-water-mixLure combustion equipment at the
existing boiler or for construction of a new boiler at another
site on base.

Coal-landling Equipmenc. There is no space available for
installing dry coal-handling equipment at the existing boiler
plant, but there ic enough space for installing coal-water-
mixture equipmen.

Coal Pile. There is no space available for a coal pile at the
existing boiler plant,-but there is space at another site on
base for a coal pile and a new coal-fired boiler.

8.3 Technical Risk of Combustion Technologies

The existing boilers are designed for No. 2 oil- ov gas-firing
hnd therefore are only suitable for conversion to coal-water-
mixture firing. The technical risk is fairly high because of
limited experience with coal-water-mixture firiag of No. 2 oil-
designed boilers.
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C. COGENERATION PROJECT OUTLOOK

The prospects For a coal-fired cogeneration plant appear to be some-
what marginal. The base has a high minimum monthly average electric
load, 24 HWe, but the price of electricity is moderate (5.1C/KWh).
Based on the FY 1936 energy-use data, a cogeneration plant with a
boiler rating of 68 HBtu/h output and a 5-HWe turbine generator
would have an electrical capacity factor of 90% and a peak thermal
output of 50 HBtu/h, with a thermal energy cApacity factor of about
75% if used as a baseload heating plant. A water-tube boiler with a
steam rating of 1450 psia and 950"F would be the most suitable
boiler for this cogeneration system.
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10. INFUT A"( LCC SU ARIY 3F1ZADSHE1MTS

XMLY Ant I X 43.5 Utaulhr. VM"K4C l6Wgru, - -WM-i.& vuAIM

Total ateam output. 43.5 u.tulhr

Dollar capacity factor - .824

Number oC units for refit. - 1

Hydrated lime price(S ton) - 40.00 Cal. 1MOi'TIES

Ash disposal price (C/ton) - 10.00 L.2.M. '%teke
Electric price (cantalk0 h) 5.10 Ash trast.ion - .120 .110

Labor rate (kS/yr) 35.00 Sulfur fraction .013 .013

Limestone price (5/lon) ,0.00 JUIV (Btullb) 12300. 12900.

M PRIC S r. PRCES

Natural Shs price (S/tMtu) 4 4.00 R.O.H. coal (8jIMtu) 1.87

#2 Oil price (0fl t') " 4.71 StoL,.r coal ($1lMtu) . 1.98

#6 Oil price (3JHltu) - .00 CoalH20 mix (SAlMtu} 3.00
OPTIONS CoalloIl mix ($/vatu) 3.50

Soot blower multipller " 1.0

Tube bank mod multiplier - 1.0 Primary fuel s 3

BoWv, ash pit multiplier - 1.0 NATURAL GAS
S02 control multiplier - .0 1,46 Oil, 2-#2 Oil, 3oNG

LIMfSTOZILIM

Inert. fraction - .05

VCgeaC ?AR.AMETY

Inflation & discounting base year - 1988
Gen Intla Index (1987 to base yr) % 1.040

Gas Intla index (1988 to base yr) - 1.000

Oil Intla Index (1988 to base yr) - 1.000

Coal Infla Index (1988 to base yr) - 1.000

Project start yea: W 1990

PX-Ject. life Cyr) - 30
Depreciation life Cyr) w 15

General inflation rate (Elyr) - 0

Type of gws escalation - egas

Type of oil escalation *oil.

Type of coal escalation - ecoal

Discount rate (Zlyr) m 10

Rate of roturn on Invest. (Elyr) - 17

Amount. of workini capital (month) w 2
Federal income tax rate () - 34

Local prop tax (& insur) rate (1) - 2

REAL ESCLAT:ON RATE (Myr)

TYPE OF FUEL 1988 1990 1095 2000 AND

FUEL ESCALATION -1990 -1995 -2000 BEYOND

Gas egas 3.89 8.87 5.77 5.77

Oil @oil 4.86 7.87 4.16 4.16

Coal scoal 1.16 2.31 1.19 1.19

8:49 AMl Oct. 20, 1988
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KELLY An.: , X 43.5 tulhr. tOK IC rARM9Tmm a . W-P IKAL VAL"ES
ToL age ax outtpi - 43.5 itulhr Cost bat year w 1988

Boiler capacity factor - .2t Primary fuel - NATWUR GAS

Num~ber of units 4or refit I

ANNUAL COSTS

9 FUEL/ FUEL TOTAL MAIN? OMhER
OF STA. MICE CAPITAL FUEL 0 & H O & M

TM~IX000OY UNITS EFF 41ttu kS kS lks
Natural $as boiler -- .800 4.00 .0 1570.0 153.2 463.4

#2 Oil fired boiler -- .800 4.71 .0 1848.6 153.2 463.4

*LOil fired bailer -- ,800 .00 .0 .0 .0 .0
Micronized cost refit 1 .800 1.87 2599.2 734.0 350.2 635.9

Slagging burner refit 1 .800 1.87 4341.3 734.0 350.2 535.9

Modular TC refit 1 .790 1.87 4958.8 743.3 333.3 617.5

Stoker firing refit 1 .760 1.98 2872.6 818.0 333.3 605.0

Coal /water slurry 1 .750 3.00 2620.3 1256.0 333.3 '38.0

Coalloil alurrm 1 .780 3.50 2150.6 1406.9 265.4 508.2

Low Btu acnifitr refit .679 1.9 3695.5 916.2 307.% 734.,

Packaged shell stokoe 1 .750 1.98 3343.0 816.0 333.3 606.0

Packaged shell FiC 1 .780 1.87 4210.3 772.6 333.3 618.3

Field erected stoker 1 .800 1.08 5971.2 777.1 331.3 597.9

Field erected TC 1 .800 1.87 6545.1 734.0 387.1 617.2

Pulverized coel bailor 1 .820 1.57 6944.2 716.1 391.1 645.2

Circuleting TDC 1 .810 1,87 7732.0 724.9 331.3 675.

AIR FORCE PRWOECT PRIVATE PROJECT

LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST,

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/

t OF UE, AS SPENT COST PFRIOO, AS SPENT COST
TECHNOLOGY UNITS ton/yr kS RATTO yr lcS RATIO
Natural gas boiler .. .. 32.548 1.000 <--- Existing system, priary fuel

#2 Oil fired boiler .. .. 33,129

#6 Oil fired bailer .. .. 0 --

Hicronized coal refit Not applicable because of space limitations

Slogging burner refit Not applicable because of space %imitations

Modular FC refit Not applicable because of space limitations
Stoker tiring refit Not applicable because exiating biler was dasignvd for 02 oil

Coal/water slurry 1 17,019 21,071 1.445 7.3 22.943 1.419

Coal/oil slurry Not evaluated

Low Btu xasIfier refit Not apylicable bec a.use o Ice limitat.on_

Packaged shell stoker 1 16,014 18,.07 1.798 5.9 20,247 1.608

Packaged shell FBC 1 16.795 18,4P5 1.760 6.8 21,067 1.545

Field erected stoker 1 15.213 19,815 1.643 8.7 23.283 1.398

Field erected FBC 1 15.955 20,5Z6 1.585 9.7 24.303 1.339

Pulverized coal boiler 1 1 -,A 20,953 1.553 10.2 24.28 1.306

Circulating FBC 1 15,752 21,387 1,522 1.0 25,755 1.264

6:49 AM Oct 20, 1988
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X.ly AY8: I X 43.5 Ltuihr. V;1. REAL- ACAL1ATI0P- AZ 97

Total steam output- 43.5 Hatu/hr

Boiler capacity facto.,. .824

Number of unite for rfIt - 1

Hydrated lime price(/ton) - 40.00 CAL l tTIES

Ash disposal price (3/ton) - 10.00 LQi. ;okq
Electric price (cents/kWh) 5.10 Ash fraction - .120 .110

Labor rate (kS/yr) 35.00 Sulfur fraction - .013 .013

Limestone price (S/ton) - 20.00 Mill (Btullb) - 12300. 12900.

UU. RICES M MIM

Natural gas price ($/13tu) - 4.00 R.O.H. coal (S3/tu) - 1.87

#2 OIL price (S/tlMu) - 4.71 Stoker coal ($3/ttu) " 1.98

f6 OiL price (S/lHtu) - .00 Coal/H20 mix (S3l/tu) - 3.00

O1TIONS Coalloil mix (S1MBtu) - 3.50

Soot, blower multiplier - 1.0

Tube bank mod multiplier - 1.0 rrlmary fuel Is 3

Bottom ash pit multiplier o 1.0 NATURAL GAS

S02 control multiplier - .0 1-0 Oil, 2-2 OIL., 3-N0

LINESTOE/LIE

InerL fraction - .05

E00OiC PAPA 1 RS

Inflation & discounting base year - 1988

Gen Lnfla index (1967 to base yr) - 1.040

Gas Lnfia Index (19088 to bcaa yr) - 1.000

Oil Lnfla Index (1985 to base yr) - 1.000

Coal Infia index (1988 to base yr) - 1,000

Project start year - 1990

Project life (yr) - 0

Depreciation life (yr) - 15

General inflation r:te (/yr) - 0

Type of gas escalation - @gas

Type of oil escalation - soil

Type of coil escalation - ecoal

Discount rate (Zlyr) - 10

Rate of return on invest (Zlyr) - 17

Amount of working capital (month) - 2

Federal income tax rate (I) - 34

Local prop tax (& insur) rate (1) - 2

REAL ESCALATION RATE (Tlvr)

TYPE OF FUEL 1986 1990 1995 2000 AND

FUEL ESCALA I -1990 -1995 -2000 BEYOND

Gas egas 2.28 4.70 5.49 2.75

Oil eoil .17 4.18 5.55 2.77

Coal ecoal 1.46 1.76 1.61 .81

9:05 AM Oct 20, 1988
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EIILY AM! I X 43.5 H tulbr. FUEL REAL XWCALATUI0 - AZO 197

Total steam output % 0.3*5 tulhr Cost best year - 1986
Soiler capacity factor - .824 Primary fuel - NATURAL CAS

Nuber o units for refit - 1

A'NAL COSTS5

# FUEL/ FUEL TOTAL FAIRY OTHER

OF STEAM PRICE CAPITAL FUEL 0 & 0 A H
TUNLOSY UNITS EVE 3Mto U3 U$ S k3 kS

Natural &as boiler -- .600 4.00 .0 1570.0 153.2 463.4

#2 Oil fired boiler -- .600 4.71 .0 1848.6 153.2 463.4

#5 Oil fired boiler .800 .00 . .0 .0 .0

Micronized coal refit 1 .600 1.67 2599.2 734.0 350.2 635.9
SlaSging burner refit 1 .600 1.67 4341.3 734.0 350.2 635.9

todulax FBC refit 1 .790 1.67 4956.8 743.3 333.3 617.5

Stoker firing refit 1 .760 1.96 2672.6 616.0 333.3 606.0

Coal/water slurry 1 .750 3.00 2620.3 1256.0 333.3 536.0
Coal/oil slurry 1 .780 3.50 2180.6 1406.9 265.4 506.2

Low Btu aesiftor refit. 1 .670 1.98 3696.5 916.2 307.4 734.0

Packaged shell stoker 1 .760 1.98 3343.0 616 0 333.3 606.0

Packaged shell FEC 1 .760 1.67 4210.3 772.6 333.3 616.3

Field erected stoker 1 .800 1.98 5971.2 777.1 331.3 597.9

Field erected FBC 1 .800 1.87 6545.1 734.0 367.1 617.2

Pulverized coal boiler 1 .820 1.87 6944.2 716.1 391.1 645.2

Circulatint FfC 1 .610 1.67 7732.0 724.9 331.3 675.4

AIR FORCE PROJECT PRIVATE PROJECT

LIFE LIFE

CYCLE CYCLE
COST, DISCOUNTED COST,

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/

OF USE, AS SPENT COST PERIOD, AS SPENT COST

TECHNOLOGY UNITS tonlr kS RATIO Yr kS RATIO
Natural gas boiler .. .. 24,604 1.000 c--- Existing system, primary fuel

#2 Oil fired oiler .. .. 26,702 --

#6 Oil tired boiler .. .. 0 ""

Micronized coal refit f..t applicable because nf space limitations

Slogging burner refit Not applicable because of space limitations

Modular FBC refit Not applicable because of space limitations

Stoker firing refit Not applicable because existing boiler was designed for #2 oil
Coal/water slurry 1 17.019 20,871 1.179 11.7 22,736 1.082

Coal/oil slurry Not evaluated

Low Btu tesifier rofit Not eoolicsble because of space limittitons _

Packaged shell stoker 1 16,014 17,977 1.369 7.9 20 113 1.223

Packaged shell FBC 1 16,795 18,372 1.339 9.2 20,941 1.175

Field erected stoker 1 15,213 19,992 1.249 12.3 23,155 1.063

Field erected FBC 1 15,955 20,419 1.205 13.9 24,163 1.017

Pulverized coal boiler 1 15.556 20,839 1.181 15.0 24,809 .992

Circulating FBC 1 15,758 21.272 1,157 16.4 25,637 . 960

9:05 AM Oct 20, 19BB
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UXLLy A,1 1 X 43.5 Mtulhr U. S --.-U& TOW - M-O
Total *team output, - 43.3 tltu/hr

Boller capacity factor - .424

KwXb*r of its for reit " I
Hydat.,d lime prico($1ton) - 40.00 COAL PWflJX3
Ash disposal price (iton) - 10.00 LL.. Stgkou
ELectic price (cents/kih) - 5.10 Ash fraction - .120 .110

Labor rate (kS/yr) - 35.00 SuLfur fraction - .013 .013
Limestone price (3/ton) f 20.00 JhV (Btu/lb) - 12300. 12000.

run. rICES nu micts
Natural tan price ($/ttu) - 4.00 R.O.H. coal (S/tMtu) - 1.87

#2 Oil price ($$/tu) - 4.71 Stoker coal (3/tu) 1.98
# Oil price (SIBtLu) . .00 Coal/H20 mix (S/Hatu) 3.00

OrTia Coal/oil mix (S/Httu) - 3.50
Soot blower multiplier - 1.0

Tube bank mod multiplier f 1.0 rfirY fue. Is 3
Bottom ash pit multiplier " 1.0 NATURAL GAS

S02 control multiplier - .0 10#8 Oil, 2-#2 Oil, 3-MG
LUCI TMI/LIMI

Inert fraction .05

Irflation & discounting bane year 1988
Gen infla Index (1987 to base yr) - 1.040
Gas Infla Index (1988 to base yr) - 1.000
Oil intl& index (1988 to base yr) 1.000
Col Intl* Index (1088 to base yr) - 1.000

Project start year - 1990
Project life (yr) - 30

Depreciation lice Cyr) - 15
General inflation rate (Z/yr) - 0

Type of &an escalation - zero
Typo of oil escalation w zero

Type of coal escalation - zero
Discount rate (/yr) w 10

Rate of return on Invest (Xlyr) - 17
Amount of working capital (month) - 2

Federal Income tax rate (2) w 34
Local prop tax (& insur) rate (2) - 2

REAL ,-ALATIO1 RATE (/yr)
TYPE OF FUEL 1988 1990 1995 2000 AND

FUEL E °CAL6 ON -I P o -191 -2000 BEYOND
Gas zero 0 0 0
Oil zero 0 0 0 0
Coal zero 0 0 0 0

9:10 AM Oct 20, 1988
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MyZLy An!I 1 4 3.5 'tulh. = EAL ! CALATIOC -

Total sto.w output - 43.5 H:Btu/hr Cost bass year - 1965

BoiLer capacity factor - .824 Primary fuel w NATURAL GAS

Number of units for refit - I

ANNUAL COSTS

f FUEL/ FUEL TOTAL MAIN? OTHER

OF STEAM MICE CAPITAL FUEL 0 & M 0 & M

TECIHCLOOY UNITS EFF 31tS u kt ks k3 k3

Natural got bailor -- .800 4.00 .0 1570.0 153.2 463.4

#2 Oil fized boiler -- .80 4.71 .0 1848.6 153.2 463.4

#6 Oil fired boiler -- .800 .00 .0 .0 .0 .0

Micronized coal refit 1 .800 1.87 2599.2 734.0 350.2 635.9

Slogging burner refit 1 .800 1.87 4341.3 734.0 350.2 635.9

Modular FIC reftL 1 . .790 1.87 4958.6 743.3 333.3 617.5

Stoker firing refit 1 .760 1.98 2672.6 816.0 333.3 606.0

Coallwater slurry 1 .750 3.00 2520.3 1256.0 333.3 538.0

Coal/oil slurry 1 .780 3.50 2180.8 1408.9 265.4 508.2

Low §tm aesifigr retit 1 .679 1.98 3800.5 9162 307.4 734.0

Packaged shell stoker 1 .760 1.98 3343.0 816.0 333.3 606.0

Packaged shall FDC 1 .760 1.87 4210.3 772.6 333.3 618.3

Field erected stoker 1 .600 1.98 5971.2 777.1 331.3 597.9

Field erected FBC 1 .800 1.87 6545.1 734.0 387.1 617.2

Pulverized coal boiler 1 .820 1.87 6944.2 716.1 391.1 645.2

Circuleting FDC 1 .810 1.87 7732.0 724.9 331.3 675.4

AIR FORCE PROCT PRIVATE PROJECt -

LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST,

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/

I OF USE. AS SPENT COST PERIOD, AS SPENT COST

TECHNOLOGY UNITS ton/yr it3 RATIO yr itS RATIO

Natural gas boiler .. .. 17,212 1.000 <-- Existing syase, primary fuel

#2 Oil fired boiler .. .. 19,383 --

f6 Oil fired boiler .. .. 0 --
Micronized coal refit Not applicable because of space limitations

Slogging burner refit Hot applicable because of space limitations

Modular FEC refit Not applicable because of space limitations

Stoker firing refit Not applicable because existing boiler was designed for f2 oil

Coal/water slurry 1 17,019 19,122 .900 >31 20,939 .822

Coal/oil slurry Not evaluated

Low Btu gasifier refit Not applicable because or ovace limitations
Packaged shell stoker 1 16,014 16,838 1.022 19.3 )8.941 .909

Packaged shell FBC 1 16,795 17,296 .995 >31 19,(35 .868

Field erected stokar 1 15,213 18,610 .925 >31 22,0U2 .781

Field erected FBC 1 15,955 19,397 .687 >31 23,132 .744

Pulverized coal boiler 1 15,566 19,842 .867 >31 23,783 .724

Circulating FBC 1 15.758 20,262 .849 >31 24,599 .700

9:10 AM Oct 20, 1988
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ROBINS AFB: AFLC

1. BACKGROUND

Robins Air Force base is located near Warner Robins, Georgia. There
are two major heating plants on the base, but only the larger plant
(building No. 177) should be considered for coal conversion. The
B&W and Wicks units (see list below) were originally designed for
coal. In 1967, the coal-burning boilers were converted to burn gas
with distillate oil as backup. The yearl- average fuel use at plant
No. 177 is about 190 HBtu/h. ifeat plant No. 177 produces 125 psi
steam, and boiler efficiencies range from about 69% at low loads to
78% at full load. No coal-handling equipment still remains.

2. HEATING PLANT UNITS

fleating Plant No. 177:

2 x 98 HBtu/h, Erie City, 1966
2 x 54 MBtu/h, Babcock & Wilcox, 1953
54 HBtu/h, Wicks, 1954
5 HBtu/h, Superior (oil only), 1977

Heating Plant No. 644:

24 HBtu/h, Erie City, 1966
2 x 24 MBtu/h, Trane, 1975
21 HBtu/h, Babcock & Wilcox, 1955

3. IDEAL CAPACITY FACTOR ANALYSIS

The maximum possible capacity factors listed below were calculated
from monthly fuel-use data for plant No. 177.

FY 1985 FY 1986
Fuel ideal ideal
input capacity capacity

(HBtu/hr) factor factor

30 0.83 1.00
50 0.83 1.00
70 0.83 0.96
90 0.78 0.85
120 0.68 0.72
150 0.59 0.63
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4. ENERGY PRICES

FY 1986 Price Data:

Year average End of year

Distillate S5.50/HBcu 45.90/KBtu
Natural gas $3.90/HBtu S3.90/HBtu
Electric SI2.96/HBtu = 4.4c/kWh 4.4¢1kWh

Comments from HIQ AFLC (11/21/88):

Natural gas = *3.19/HBtu

5. COAL PROPERTIES AND PRICES

Stoker RON

Origin Benedict, Va. Benedict, Va.
lilY, Btu/lb 13,790 13,790
Ash, Z 4.23 4.23
Sulfur, X 0.79 0.79
Nitrogen, X 1.45 1.45
Ash-softening temperature, 'F 2700+ 2700+
Swelling index
Top size, in. 2 x 0
Bottom size, in. 100 mesh
Fines, Z 40
Grindability index 48 48
Cost at mine, S/ton 34.00 28.00
Delivered cost, S/ton 54.85 48.85
Energy cost, $/MBtu 1.99 1.77

6. ENVIRONMENTAL REGULATIONS

6.1 Air PolluLion Emission Limits for New Sources

The air-quality-control regulations of Georgia require that a
fuel-burning plant such as that being considered for Robbins
AFB meet federal EPA air emission atandards for an attainment
area.

SOZ. For boilers >100 HBtu/h: FBC - 90X reduction to meet
limit of 1.2 lb/HBtu; emerging technology - 50% reduction to
meet limiL of 0.6 lb/MBtu.

NO. For boilers >100 HBtu/h: spreader stoker and FBC - 0.6
Tb/HBtu; pulverized coal - 0.7 lb/MBtu.

Particulates. Regulations pertaining to fly ash and/or other
particulate matter from newly (beginning CY 1972) constructed
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equipment limit emissions According to the following expres-
sion:

Pa 0.5 (-O)" 's lb/HBtu,

where R =heat input of fuel-burning equipment in HBtu/h.

Therefore, for one 54-HBtu/h boiler at plant No. 177, P - 0.215
lb/HBtu.

A state opacity regulation also became effective in 1972,
stating chat the opacity of the visible emissions be <20%
except for one 6-min period per hour oE no more than 27X
opacity.

6.2 Coat-Pile Runoff

The state of Georgia has adopted EPA federal regulations for
coal-pile runoff. The regulations state that the p1l of all
discharges, except once-Lhrough cooling water, shall be within
the range of 6.0 to 9.0. The effluent limitation for the point
source discharges of coat-pile runoff is 50 mg/L total sus-
pended solids.

6.3 Ash Di! %al

The state, as well as the EPA; considers fly ash waste to be
nonhazardous. Use of an existing landfill is desirable because
only a permit is required. A new site or landfill is costly
and requires a long procedure.

7. OTHER CONSIDERATIONS

None.

8. COAL-CONVERSION PROJECT OUTLOOK

The most attractive project would be co refit/replace one of the
54-NBtu/h output (69-MBtu/h fuel input) boiler units, which are coal
desi,.ned, in plant 177. If a single 54-HBcu/h unit were involved in
a project, an overall capacity factor of about 81% would be
expected, assuming 90% equipment availability.

8.1 Effect of Environmental Regulations on Selection of Combustion
Technologies

SO, and NO.. Any of the combustion technologies being consid-
ered could be employed without any S02 or NOx controls because
the proposed project is smaller than 100 KBtu/h.

Particulates. Bag filters or electrostatic precipitators would
be required.
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8.2 Physical Space naid Aesthetics

Hfeating Plant. The exisLing boiler plant was originally de-
signed for coal. The original coal-combustion equipment has
been removed, and there is now only enough space for micronized
coal or coal-waLer-mixture combustion equipment at the existing
boiler.

Coal-Handling Equipment. There is limited space available at
the existing heating plant so chat only micronized coal or
coal-water-mixture equipment could probably be installed.

Coal Pile. There is room for a 'eal pile near the existing
boiler plant, so coal could be supplied by truck to a silo at
the existing boiler plant or to a new coal-fired boiler plant
neo- the coal pile.

8.3 Technical Risk of Combustion Technologies

The boilers were originally designed for coal. The least tech-
nical risk would be for conversion to micronized coal-firing
because no SO2 reduction measures will be required.

9. COCENERATION PROJECT OUTLOOK

The prospects for a coal-fired cogeneration system are poor because
of low electric rates and the mild climate that exists at Robbins
AFB. Although the base has a sizable minimum monthly average elec-
tric load, 15.7 HWe, the price of electricity is only 4.40/kWh. The
15.7-HWe minimum monthly load wouLd be met primarily by a coal-fired
electric plant sized for about 15 MWe and producing 45 HWt. An 80%
cycle efficiency would require a boiler rated at 56 HW. December,
January, February, and March have thermal consumption levels exceed-
ing the available thermal capacity. The thermal demands at Robbins
AFB remain high enough during the year to result in a high overall
thermal load factor of 73% (assuming that the cogeneration plant has
a 90% availability).
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10. INPUT AM LM SL4AY wtAZSWS

Xh!S AD, I X 54 HUtwIhr. Xa C bNtg - WIOAL fAIJ, i

Total stao output - 54.0 A4W/uhr

Ioiler capacity factor a .605

Musiber of units tar rei - 1
IXyd ' t.d line price($/toe) - 40.00 COAL PMlHIU

Ash disposal price (Sjtop) m 10.00 B.O.M. SLoke
Electric price (cents/k4) 4.40 Ash fraction - .042 .042

Labor rate (k$1yr) 35.00 Sulfur fraction - .008 .005
Linestone price (31ton) 20.00 NHY (tu/lIb) - 13100. 13500.

ruM MICIS FUrL 1aXCU

Natural ge price (S/1ULu) 3.19 R.O.N. coal (S/titu) - 1.77
#2 011 price ($1HWtu) - 4.71 Stoker coal (S/Hetu) - 1.99

#5 Oil price (S/0ttu) .00 Coal/X20 six (81atu) - 3.00

O TIONS Coalloil mix (31Htu) - 3.50
Soot bloer waltiplier - .0

Tube bank mod multiplier - .0 ftimary fuel In 3

Bottcm ash pit multiplier '. 1.0 NATUAL GAS
502 control multiplier .0 146 012, 2-#Z 011, 3-N4

LDGMTM/LDK
InerL traction .05

3OsxC FAXAMKTS
Inflation & discounting base year - 1985

Gen infle Index (1987 to base yr) - 1.040
Gas infla index (1988 to bas yr) - 1.000

Oil infla index (1915 to base yr) - 1.000

Coal infla index (1938 to base yr) - 1.000

Project start year - 1290

Project life (yr) - 30
Depreciation life (yr) a 15

General inflation rate (1/yr) - 0

Type of gas escalation - egos
Type of oil escalation - *oil

Type of coal escalation - ecoal
Discount rate (2/yr) - 10

Rate of return on invest (1/yr) a 17
Amount of working capital (month) - 2

Federal income tax rate (2) - 34
Local prop tax (& inaur) rate (2) - 2

RMAL ESCALATION RATE (lyr)

TYPE OF FUEL 1988 1990 1995 2000 AND

FUEL ESCALATION -1990 -1995 -2000 EYOND

Gas egas 3.89 8.87 5.77 5.77
Oil eoLL 4.86 7.87 4.16 4.16
Coal ecoal 1.16 2.31 1.19 1.19

2:30 PH Jan 4. 1989
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W1es UM. I X 54 tItyhm. ZV0OIt'C 'FAMtTOZ N.* INAL YAL M

Total stea output - 34.0 MLu/hr Cost base year - It$$

Bloler capacity factoC - .406 PTlm.ry fuel - XATU W

Number ot Units ' or refit -I

gm~IaL COSTS
# NMI FU AL TTAILT ON Ex
OF STZA PRICE CAITAL FUL 0 & h 0 H

TZCN'Kfl.0Y L7112 LFT 5IlUtg V5 ks ka k

Natural gs boiler "" .600 3.19 .0 1520.3 172.6 45.3
4. #2 Oil. fired boller -- .500 4.71 .0 2244.. 172.6 415.3

#8 Oil fired ttoler - .100 .00 .0A .0 .0 ,0
Micronixed coal refit 1 .500 1.77 2546.7 543.8 378.6 649.3

Slogging burner refit 1 .100 1.77 4511.4 43.6 378.6 649.3
Moduler TIC refit 1 .700 1.77 5220.0 854.2 360.3 629.8

Stoker firing refit 1 .760 1.91 3063.9 291.3 360.3 620.1
CoalIwatear slurry 1 .750 3.00 2272.1 1525.1 350.3 546.3
Coal/oll. slurry 1 .710 3.50 2043.6 1710.4 266.9 523.3

Low Itu tasifier refIt 1 .679 1.99 4260.9 I1.1 332.3 7S&,O

Packaged shell stoker 2 .760 1.99 4605.5 998.3 360.3 710.5
Packsged shell C 2 .760 1.77 5616.1 6.0 360.3 720.9
Field erected stoker 1 .400 1.99 6409.0 245.4 355.1 612.0
Field erected FrC 1 .600 1.77 7451.5 843.6 416.4 629.7
Pulverized col boiler 1 .620 1.77 7926.3 623.0 422.5 659.0

Circulatina FIC 1 .810 1.77 0915.1 033.1 356.1 690.5

AIR = *OC PROJCT PRIVATE PROJECT

LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST,

COAL DISCOUNTED IENFIT/ PAY CK DISCOUNTED BREIIPITI

# OF USE, AS SPENT COST PERIOD, AS SPENT COST

TECIHOLY WIlTS tonlyr AS ATIO Yr - X RATIO

Natural gas boiler .. .. 32,020 1.000 <--- Existing sysbm.o primary fuel
#2 Oil fired boiler .. . 39,504 --

#8 Oil fired boiler ..- 0 -"

Micronized coal refit 1 17,265 16,429 1.737 5.6 20,191 1.56

Slogging burner refit Not applicable because of space limitations
Hodular FBC refit Not applicable because of space limitations
Stoker firing refit Not applicable because of apace limitations

Coal/water slurry 1 18,419 23,604 1.357 10.3 25,378 1.262

Coal/oil. slur'y Not evaluated

Low Btu assifiar refit Not applicable because of space limitations
Packaged shall stoker 2 18,176 21,892 1.463 10.0 24,.754 1.294

Packaged shell FBC 2 18,178 21,776 1.470 10.6 25,127 1.274

Field erected stoker 1 17.265 22,458 1.426 11.9 26,407 1.213

Field erected FBC 1 17,268 22,712 1.410 12.5 26,996 1.186

Pulverized coal boiler 1 16,847 23,156 1.383 13.2 27,670 1.157

Circulating FBC 1 17.054 23.733 1.349 -14.3. 28,744 1.114

2:30 EM Jan 4, 1989
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WUTES AIr1l I X 54 Iatu/hr. l UTZ f. tr ' AA"TIOM *. 1t47

Total, Sta output 54.0 13w/hr
tioler Capacity factor . .106

Itucher Of ,Mrits for refit. I
Kydrted 11=4 priceC*/t1O) 40.00 COL P5NET)Xx
Ash disposal prie (5/ton) 10.00 LR. .ok
Electric price (cntslkth) 4.40 Mh ttAction .04A .042

Labor rate (Wly) 35.00 SulC;. tre:.or n - .005 .008
LImstoof Price (81ton) * 20.00 1wY (w/lb) 13100. 1310;%.

flU CES flJt. PRICfS
xatura let46 price CO/13tu) " 3.18 X-O.H. coal (Sflqtu) A.7

#2 0L price (31otu) 4.71 St4o9~r col ($/httu) ** 1.i9
#8 Oil price (5/tItu) .00 Coal/liZO mix (C/l u) - 3.00

OPTIONS CoalialL mix (31tatu) w 3., 0
Soot. blovr mltiplier 4* .0

Tube bank Mod multiplier *..0 WriMAry t"u4I is a

Bottom ash pit, multiplier o 1.0 KATURAL GAS
S02 Control ultiplier - .0 1144 Oil, 2#2 Oil, 3-*:

LIMSTV/LTIE

Inert fraction -.03

=OSKIC l1amNEw=
Inflation & discounting base yea * 1oss
Gen Intl* Index (1987 t.o base yr) - 1.040
GCa Intl& index (19s to base yr) ' 1.000

Oil Intl. Index (1953 to bass yr) % 1.000
Coal Intl& index (1988 to base yr) - 1.000

Project. start year w 100
rroJec lite (yr) - 30

Dopreclation life (y7) 15
General Inflation rate CZyr) * 0

Type of 9a escalation **its
TYPe of oil escalation ,oil

TYpe of coal ecalation " ecoal.

Discount rate (2/yr) - 10
Rate of return on invost. (/yr) - 17

Amount of torking capital (month) -. 2
Federal Income tax rate (2) - 34

Local prop tax (& inaur) rate (2) - 2

REAL ESCALATION RATE (1/yr)
TYPE OF FUEL 1988 1990 1995 2000 AND

FUEL ESCALATION -1990 -199 - -2000 MYOND
Gas egas 2.28 4.70 5.49 2.75
Oil *oIL .17 4.16 5.55 2.77
Coal ecoal 1.46 1.76 1.61 .81

1:57 Ml Jan 11, 1989
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Tai.el steam oUtpuLt !A.O MZ.ujhr Cost bass year 1968

'builgr capacity Cactor .406 Wuisry fuel. N ATUMA GAS
K.a-ar at uit& for refit I

A)MIAL COTS

# rFt"Lr FVE TOTAL AKT OTh.v
OF STEAM MlICE CAPITAL FUEL O & H ( & H

l.'24TS M? SflMtq k!$ IS Vt I..2.
Natural. gos bo ler -- .800 3.19 .0 1520.3 172. 4185.3

#2 Oi1 C.rod bailer -- .600 4.71 .0 2244.7 172.6 45.3

J.,1 ilIroed boiler -- 0 .00 .0 .0 .0 .0
Micronized coal r it. 1 .600 1.77 2545. 143.6 378.6 6%0.3

Sl*18,1 burnor rail. 1 .800 1.77 521.4 843.6 376.6 640.3

Modular FIC refit 1 .700 1.77 !220.0 a54.2 350.3 629.1

Stoker firing refit 1 .760 1.09 3063.9 909 .3 360.3 620.1
CoAl/water slurry 1 .750 3.00 2272.1 1575.1 360.3 546.3

Coalo11 ulutry 1 .750 3.50 2043.5 1710.8 286.9 523.3

1,W Bt~u 128ifitt refit 1 479 -1.0~ 42"f.0 1113.I 31223 754.9
rackaged shalt stoker 2 .760 1.99 4605.5 68.3 360.3 710.8

Fackaged shell FIC 2 ,7130 1.77 5818.1 648.0 350.3 720.0
Felol- erected atoker 1 .800 1.Q9 6809.0 045.4 358.1 612.0
Field erected FBG 1 .600 1.77 70,1.6 143.8 416.4 620.7

Pulvorised coal bailoe 1 .820 1.77 7028.3 823.0 422. 659.0
Circuldtint TIC I .81 .77 35.1 690.5

LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST.

COAL DISCOUNTED BENEFIT/ PAYWA£ DISCWJ)TEV BULTII
# OF uE, AS SPEN4T COST PERIOD. AS SPENT COST

TECHNOLOY UVITS trcnlyr IS RATIO "$TIr
Natural gas boiler .. .. 24,327 1.000 Ei--- xiating system, ptiuary fuel

*2 Oil fired boiler .. .. 31.699 - "

# 011 firted b ollr -- -- 0 --

Micr onized coal refit 1 17,268 18.295 1.330 7.7 20,053 1.213
Slogging bun tr refit Not applicable because of space l.m.tations
Modular FBC refit Not applicable because of space limitations

Stoker firing refit Not, applicable because of space limitptions

Coal/water slurry 1 18.,419 23,361 1.041 22.3 25,129 .968

Coal/oil slurry Not evaluated
Low Btu xesiftor refit Not oolicablq becaust of sptc* lmitations_
Packaged shell stoker 2 13.176 21,734 1.119 16.5 24,590 .989
Packaged shell FIC 2 18.176 21,635 1.124 16.8 24,982 .974
Field erected stoker 1 17,288 22,307 1.091 19.6 26,252 .927

Field erected FWG 1 17,268 22.577 1.077 20.9 26,858 .906
Pulverized coal boiler 1 16,8.I 23,025 1.057 22.9 27,535 .83
Circulatlna MI 1 17.054 23,601 1,331 26.1 28.607 .850

1:57 PH Jan 11, 1989
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XMItO1 An!? I X 54 Itulhr. MA &I.ATIOp - I=

Total stem output - 54.0 MUtu/hr

Boler capacity factor - .106
Number of units for reit " 1
Hydrated ilin price(S/ton) " 40.00 COAL PROPRTIES

Ash disposal price (S/ton) 10.00 LQ.H. Stoker
Electric price (centulkh) 4.40 Ash traction - .042 .042

Labor rate (k/y) - 35.00 Sulfur fraction - .008 .00

Limestone price (S/ton) 20.00 MHV (Mtullb) - 13500. 13800.

rLI FUCZU 1Un E W

Natural gas price ($1tftu) 3.19 R.O.H. coal ($/09tu) " 1.77
#2 Oil price (ShImu) 4.71 Stoker coal ($1HBLu) - 1.99

#5 Oil price (S/1stu) - .00 Coal/1120 mix (SIMHtu) % 3.00
OPTICS Coalloil mix (SIMtu) - 3.50

Soot blower multiplier - .0
Tube bank mad multiplier w .0 Primary fuel IA 3

Bottom ash pit multiplier - 1.0 NATURAL GAS

S02 control multiplier - .0 1-5 Oil, 2Z Oil, 3-P

LDIPSTOU/LI3[

Inert frantion - .05

ZgO"UC PARNIKTERS

Inflation& iacounting base year 1958

Gen ifl& Index (1987 to base yr) N 1.040

Gas infla index (1988 to basa yr) N 1.000

Oil Infla index (198 to base yr) - 1.000

Coal Lnfla index (1088 to base yr) 1.000

Project start year - 1090

P:oject. life (yr) a 30

Depreciation life (yr) - 15

General inflation rate (Z/yr) - 0

Type of ge escalation - zero

Type of oil escalation - zero

Type of coal escalation - zero

Discount rate (Z/yr) - 10

Rate of return on invest (/yr) - 17

Amount of working capital (month) - 2

Federal income tax rate (I) - 34

Local prop tax (& insur) rate (1) - 2

, rAL fSCALATION RATE (ZMr)
TYPE OF FUEL 1988 1990 1995 2000 AND

FUEL ESCALATION -1990 -1005 -2000 BEYOND

Gas zero 0 0 0 0

0!! zero 0 a 0 0

Coal zero 0 0 0 0

2:02 PH Jan 11, 1989
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Total steam output - 54.0 M~tu/hr Coat bae year - 1986

Doller capacity factor - .608 Primary fuel - NATURAL GAS

Number of uaits for refit " 1

ANN1UALCST

# 7UEL/ FUEL TOTAL MhIKT OTHER

OF STEAH ERICE CAPITAL FUEL 0 & H 0 & H

TWINOLCOY UNITS EFF $1Mttu kS kS ks M
Natural San boiler -- .800 3.19 .0 1520.3 172.6 485.3

#2 Oil fired boiler -- .800 4.71 .0 2244.7 172.6 485.3

#8 Oil fired boiler -- .000 .00 .0 .0 .0 .0

Hicronized coal refit 1 .800 1,77 2545.7 843.5 378.6 649.3

Slagging burner refit 1 .800 1.77 4521.4 643.5 378.6 649.3

Hodular tBC refit 1 .790 1.77 5220.0 654.2 360.3 629.8

Stoker firing refit 1 .760 1.90 3063.9 998.3 360.3 620.1

Coal/water slurry 1 .750 300 2272.1 1525.1 350.3 546.3

Coalloil slurry 1 .780 3.50 2043.6 1710.8 266.9 523.3

Low Btu aeifier r fit. 1 .679 1.99 4260.9 1110.1 332.3 754.9

Packaged shell stoker 2 .760 1.99 4505.5 998.3 360.3 710.6

Packaged sahell FC 2 .760 1.77 5618.1 886.0 360.3 720,9

Field erected stoker 1 .800 1.9R 6809.0 948.4 358.1 612.0

Field erected FBC 1 .600 1.77 7461.6 843.5 418.4 629.7

Pulverized coal boiler 1 .520 1.77 7928.3 623.0 422.8 659.0

Circulating TIC 1 .810 1.77 8915.1 633.1 3%81 600.5

AIR FORC-W PROJECT PRIVATE PROJE1CT
LIFZ LIFE

CYCLE CYCLE

COST, DISCOUNTED COST.

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/

OF USE. AS SPENT COST PERIOD. AS SPENT COST

TECHNOLOGY UNITS to 9 S RATIO yr k$ EaTIO
Natural gas boiler .. .. 17,169 1.000 <--- Existing system, primary fuel
#2 Oil fired boiler .. .. 22,813 --

#6o01! fired boiler -- -- 0 --

Hicronized coal refit 1 17,268 17,120 1.003 26.0 18,844 .911

Slagging burner refit Not applicable because of space limitations

Hodular FBC refit Not applicable because of space limitations

Stoker firing refit Not applicable because of space limitations

Coal/water slurry 1 18,419 21,237 .808 >31 22.945 .748

Coal/oil alurry Not evaluated

Low Btu gasifier refit Not aoplicable ecause of Svaco limitations
PAckaged shell stoker 2 18,176 20,.43 .844 >31 23,161 .741

Packaged shell FBC 2 18,176 20,398 .842 >31 23,710 .724

Field erected stoker 1 17,268 20,986 .818 >31 24,894 .690

Field erected FEC 1 17,268 21,403 .802 >31 25,650 .669

Pulverized coal boiler 1 16,847 21,879 .785 >31 26,357 .651

Circulating FBC 1 17,054 22,440 .765 >31 27,414 .626

2:02 PH Jan 11, 1989
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TINKER AFB: AFLC

1. BACKGROUND

Tinker is near Oklahoma City, Oklahoma. The available information
for Tinker is poor, and it wai not considered in the C. If. Guernsey
and Co. survey. There are twt boiler plants at Tinker AFB that are
large enough for some consideration. The heating plant in building
No. 3001 is rhe largest of these, with a yearly average fuel use of
roughly 150 HBtu/h. The heating plant in building No. 208 appears
to usa s year-round average of about 75 HBtu/h of fuel. Natural-
gas-firing is used with distillate oil as the secondary fuel. No
boilers at the base were designed for coal burning. Only plant No.
3001 was considered in the LCC analysis.

2. HEATING PLANT UNITS

lheating Plant No. 3001:

3 x 97 HBtu/h, Riley Stoker, 1942

Ifeating Plant No. 208:

4 x 41 HBtu/h, Wickes, 1942

3. IDEAL CAPACITY FACTOR ANALYSIS

The ideal capacity factors listed below were calculated from monthly
fuel-use data for plant No. 3001.

FY 1986
Fuel ideal,
input capacity
(HBtu/h) factor

100 1.00
120 0.99
140 0.94
160 0.87
180 0.82
200 0.76
220 0.70

4. ENERGY PRICES

FY 1986 Price Data:

Electricity = $14/HBtu = 4.8c/kWh
Natural gas $2.85/HBtu

Note: Gas prices dropped during FY 1986 and apparently were near
$2.0/MBtu in the latter portion of the year.
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5. COAL PROPERTIES AND PRICES

Stoker RON

Origin HcCallister, Okla.
1lil1l, Bto/lb 12,800 12,800
X Ash 6-7 6-7
% Sulfur 0.77 0.77
Z Nitrogen
Ash-softening temperature, "F 2080
Swelling index 3.5-5
Top size, in. 2
Bottom size, in. 0
Fines, X
Grindability index 55
Cost at mine, $/ton 43 (assumed) 35
Delivered cost, $/hon 51 43
Energy cost, $/106 Btu 1.99 1.68

6. ENVIRONHENTAL REGULATIONS

6.1 Air Pollution Emission Limits for New Sources

SOZ.  For boilers <100 MBtu/h: 1.2 lb/HBtu; for boilers
>100 HBtu/h: FBC - 90Z reduction to meet limit of 1.2 lb/
HBtu; emerging technology - 50% reduction to meet limit of
0.6 lb/MBtu.

NOx . No emission limits for boilers <100 HBtu/h; for boilers
>100 HMtu/h: spreader stoker and FBC - 0.6 lb/KBtu; pulverized
coal - 0.7 lb/MBtu.

Particulates. For 99 MBLu/h: 0.3 lb/HBtu; for boilers
>100 MBtu/h: 0.05 lb/Btu.

6.2 Coal-Pile Runoff

Limit: Total suspended solids - 50 mg/L, pl of 6.0-9.0.

6.3 Ash Disposal

The ash will have to be analyzed to determine if it is hazard-
ous. If nonhazardous, the ash may be disposed of in an exist-
ing or new landfill that has a lining of 3 ft of clay with a
bottom that is at least 5 ft above groundwater.

7. OTHER CONSIDERATIONS

The boilers in heating plant No. 3001 were identified for upgrading
in 1982.
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8. COAL-CONVERSION PROJECT OUTLOOK

Tinker may be a poor candidate according to the AFLC HAJCOX. Tinker
does seem to be a large fuel user, however, and it is not clear what
would make it a poor candidate. Low gas prices make coal unattrac-
tive at this time.

A likely project would be to refit or replace two of the 97-MBtu/h
units in plant No. 3001. The boilers would have to be derated to 75
HBtu/h output each (-188 MBtu/h total fuel input) because they were
originally designed for No. 2 oil. An overall capacity factor of
71% is expected, assuming 90X availability.

8.1 Effect of Environmental Regulations on Selection of Combustion
Technologies

S.0Z. The SO2 emission limits will require the use of low
sulfur coal or SO? reduction measures with high-sulfur coal.

NOX . No special NOx reduction measures will be required for
any of the combustion technologies.

Particulates. Bag filters or electrostatic precipitators would
be required to comply with the particulate emission limits.

8.2 Physical Space and Aesthetics

Heating Plant. The existing boiler plant was originally
designed for No. 2 oil. There is only space available for
installing coal-water-mixture combustion equipment at the
existing boiler.

Coal-1landling Equipment. There is no information on the space
available at the existing plant, but it is probable that there
is not enough space available for installing dry coal-handling
equipment. There should be adequate space available for in-
stalling coal-water-mixture equipment.

Coal Pile. There is no information as to how much space is

available for a coal pile at the existing boiler plant.

8.3 Technical Risk of Combustion Technologies

The existing boilers are designed for No. 2 oil- or gas-firing
and therefore are only suitable for conversion to coal-water-
mixture firing. The technical risk is only moderate because
the boilers would be derated.
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9. COGENERATIOI PROJECT OUTLOOK

The prospects for a coal-fired cogeneration system appear to be
somewhat marginal. The base has a high minimum monthly average
electric load, 26 HWe, but the price of electricity is moderate
(4.8c/kWh). Based on the FY 1986 energy-use data, a cogeneration
plant with a boiler rating of 180-HBtu/h output and a 13-HWe turbine
generator would have an electrical power capacity factor of 90% and
a peak thermal output of 135 HBtu/h with a thermal energy capacity
factor of about 90% if used as a baseload heating plant. A water-
tube boiler with a steam rating of 1450 psia and 950"F would be the
most suitable boiler for this cogeneration system.
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10. I$FUT A!" LCC SUatAY SilZADSHMETS

fl~~ An, 2 X 75 tIty/hr. l COU"C P A MqTWDH-I VAL=YLUU

Total steam output - 150.0 Hatu/hr

Boiler capacity factor w .712

Kmer of units for refit - 2

hydrated lime prico(3/to.) - 40.00 COAL ?MMIt 1

Ash disposal. price (3/ton) 10.00 LQAL Stoker

Electric price (centslkWh) . 4.10 Ash fraction - .065 .065
Labor rate (l03/y) - 35.00 Sulfur fraction .006 .003

Li4ston, price (5/ion) 20.00 HIV (iulb) 12500. 12100.
M=c PICES IM MqUct

Xatu:l. gas price ( LOtu) - 2.65 R.O.H. coal (S/leMu) - 1.68

#2 Oil price (SIitu) - 4.71 Stoker coal (S/t15u) 1.99

#6 OiL price (302tu) .00 Coal/N20 mix ($1Mtu) 3.00

OrTIiOS Coalloil nix ($1l2tu) - 3.50

Soot, blower multiplier 1.0

Tube bank mod w-itiplier 1.0 ?rimary fuelt 3

Bottom ash pit multiplier 1.0 NATURAL GAS

S02 control multiplier 1.0 1-6 Oil. 2-2 O l, 3*NG

LIMESTOE/LIX?

Inert fraction .05

] 0McHIC PAMAMET32S

Inflation & discounting base year % 1988

Gen infla index (1 87 to base yr) - 1.040

Gas Infla index (198 to base yr) - 1.000

Oil infla index (1988 to base yr) - 1.000

Coal infla index (1Q88 to base yr) - 1.000

ProJect Start year 1990

Project LI*e (yr) 30

Depreciation life (yr) - 15

General inflation rate (Ilyr) 0

Typo of gas escalation -ogas

Vjpe of oil escalation - *oil

Type of coal escalation - ecoal

Discount rate (Ilyr) - 10

Rate of return on Invest (Zyr) - 17

Amount of working capita. (month) - 2

Federal income tax rate (1) - 34

Local prop tax (t insur) rate (2) - 2

REAL E$CALATION-RATE (I[yr)

TYPE OF FUEL 1988 190 1995 2000 AND
FUEL WCALATILO_ -1990 -1905 -2000 BEYOND

Gas egas 3.69 8.87 5.77 5.77

OIL col 4.86 7.87 4.16 4.16

Coal ecoaL 1.16 2.31 1.19 1.19

1:11 P1H Oct 21, 1988
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TIEnTS AYnt 2 X 75 WtPLhr. VCC"N-IC FARNLADWTW . MUPI VALUE

Total &Lea output a 150.0 t~uwhr Coat base year - 1gli

Boilor capacity factor - .712 Frimary fuel - NATUJRAL GAS
Number of units for refit. 2

ANV'AL COTS
F* F11 FUEL TOTAL HAIKT OTHER

OF STEAM MRICE CAP'ITAL FUEL 05& M 0 & M
TrC)I!Ioy oNITS EFT ;t3 IcW; n8 o; k3
Natural gas boiler -- .800 2.85 .0 3333.0 302.7 672.7

*2 Oil fired boiler -- .600 4.71 .0 5501.2 302,7 672.7

#0 Oil fired boiler - .800 .00 .0 .a .0 .0

Hicronized coal refit 2 .800 1.68 6643.9 1954.7 557.2 1110.1

Slagging burner r fit 2 .800 1.66 11066.9 1964.7 557.2 1110.1

Modular F3C refit 2 .790 1.68 1297.3 1989.6 520.4 1112.6

Stoker firing refit 2 .740 1.99 10292.7 2515.9 817.5 1143.0

Coal/w4ter slurry 2 .750 3.00 6793.5 3742.3 320.4 1007.8

CoalloIL slurry 2 .780 3.50 5067.4 4198.1 414.4 87.7

Low Atw asIfler refit 3 .659 1.99 11413.2 2A28.9 A80.9 2019.5

Faciteged shell atoker 3 .740 1.99 13237.9 2515.9 817.5 1215.0

?ackaged abell TDC 3 .760 1.68 12%71.5 2058.1 520.4 1190.1

Field erected stoxer 1 .780 1.99 15787.4 2386.9 814.4 1006.0

Field erecLed FrC 1 .600 1.68 14323.9 1964.7 604.4 1001.8

Pulverized coal boiler 1 .800 1.68 17958.5 1964.7 907.9 1076.6

Clrctut ating DIC 1 .810 1.66 17761.7 1940.4 517.3 107;,5

AIR MOCE ?RQJMC - PRVATE PROET-
LIFE LIFE

CYCLE CYCLE

COST. DISCOUNTED COST,

COAL DISCOUNTED E£FIT/ PAYIACK DISCOUNTED BEEFITI

# OF USE. AS SFE.T COST PEIOO. AS SPE.NT COST

TECUN .00Y UNITS tmn/yr Itk RATIO vr kS RATIO

Natural gas boiler .. .. 66,471 1.000 <--- Existing system, primary fuel
*2 OIL tired boiler .. 91,817 --

#0 Oil ftr#d t|er .. .. 0 --

Micronized coal refit Not applicable because of space limitations

Slagging burnor refit, Not applicable because of space limitations

Modular F5C refit Not applicable because of space limitations

Stoker firing refit Not applicable because existing boilers were designed for 42 oil
Coal/water slurry 2 48,728 53,082 1.252 14.9 57,892 1.148

Coal/oil slurry Not evaluated

Low Btu sasifier refit, Hot applicable because of space limitations
Packaged shell stoker 3 49,386 51.221 1.298 15.0 59,114 1.124

Packaged shell FBC 3 48,085 43,637 1.523 10.4 50.99l 1.304

Field erected stoker 1 46,853 50.474 1.317 15.0 59,585 1.116

Field eracted FEC 1 45.662 43,403 1.532 10.7 51,803 1.288

Pulverized coal boilar 1 45,682 49,702 1.337 14.9 59,849 1.111

Circulating FEC 1 45,118 45,805 1,451 12.6 55,745 1,192

1:11 I Oct 21, 1988
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T1] Anlt 2 X 75 Ptuhr, 7M. RMAl L3CAXAT1CM AW If47
Total #team output " 150.0 tBtulhr

loller capacity factor * .712

Number of units for rafit., 2
hydrated line price(/tcn) - 40.00 CO&L PO UTIl3

Ash disposal price (/ton) 10.00 R Stoker
Zlectric price (centalkWh) w 4.90 Ash fraction - .065 .065

Labor rote (k$1yr) 35.00 Sulfur fraction - .008 .000

Llaoston, price (S/ton) 20.00 HWJ (ftu/lb) - 12100. 12600.
I= M CtS 1= MI~C9

Natural &4& price ($/Mtu) - 2.15 R.O.t. col ($/tutu) - 1.M

#2 Oil price (S/M5tu) 4.71 Stoker coal (S/ttu) - 1.99

#6 OIL price (SI/ttu) .00 Cool/IZO mix (S/Itu) - 3.00
O'TIONS Coallail mix (S/Mttu) - 3.50

4oot blower multlplier - 1.0
Tube bank mod multiplier - 1.0 frimary feel IA 3
Bottom ash pit multiplier - 1.0 NAM1"AL GAS

302 control multiplier - 1.0 1-#6 Oil. 2-#2 ail, 3-NO

LDSTMir/LID
Inert, fraction " .05

VOPKC PARAMITM

Inflation & discounting bset year - 1915

Gen Infla Index (1917 to base yr) - 1.040

Gas infle index (1965 to be&* yr) - 1.000
Oil infla index (1985 to base yr) - 1.000

Coal, Infle index (1988 to base yr) - 1.000
Project, start year - 1990

ProJect life (yr) - 30

Depreciation life (yr) - 15
General inflation rate (zlyr) - 0

Type of gas escalation - egas
Type of oil escalation - *oL
Type of coal escalation - acoal

Discount rate (Zlyr) - 10

Rate of return on Invest (I/yr) - 17
Amount of working capital (monh) - 2

Federal income tax rate () - 34
Local prop tax (a insur) rate (Z) - 2

PEAL E ALATTOM RATE jilyr)
TYPE OF FU.L 1968 1990 199; 2000 AND

FUEL ESCALATION -1990 -1995 -2000 BLYQ1N

Gas egos 2.28 4.70 5.49 2.75

oLl *oil .17 4.16 5.55 2.77

Coal ecoa, 1.46 1.76 1.61 .81

1:17 PH1 Oct. 21. 1988
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TIECfl Airs 2 X 75 Wtulhr. TUMUAL tSCAATAIOS - AM ,.

Total steam output - 150.0 hltulhr Coat. beat year * 1986
kiler capacity factor " .712 Primary fuel - NATUAL GAS

Numbez o unit. for refit. 2

VNAL COSTS

# NELI FUEL. TOTAL 14AINT OTNER
OF STEAM IRICE CAPITAL FUEL 0 & M 0 &

TECo0L=OY WITS IFF 3/ s W3., $ §S kS

4aturaL go& boiler -- .800 2.85 .0 3333.0 302.7 672.7

#2 Oil fired boiler -- .00 4.71 .0 5505.2 302.7 672.7

# Oil fired boiler -- .400 .00 .0 .0 .0 .0

Micronized coal refit, 2 .600 1.61 8643.9 1964.7 557.2 1160.1

Slagging burner refit 2 .800 1.8 11060.9 195st7 557.2 1160.1

Modular FDC refit 2 .790 1.66 12597.3 ),89.6 520.4 1112.6

Stoker firing refit 2 .740 1.99 l02,7.7 25X5.0 $17.5 1143.0

CoalIwater slurry 2 .750 3.00 6793.5 3742.3 520.4 1007.6

Coe lpiL slurry 2 .760 3.50 5667.4 4198.1 414.4 887.7

LtLtj*tu gallfieX refit 3 .659 1.99 13413.2 2026.0 40.0 2019.5
Packtegd shell stoker 3 .740 1.09 13237.9 2515.0 617.5 1215.0

Packaged shell FBC 3 .760 1.6 12571.5 2058.1 520.4 1190.1

Field erected stoker 1 .780 1.19 1577.4 2305.9 014.4 1005.9

Field erected FIC 1 .100 1.66 14323.9 1964.7 604.4 1001.1

Pulverised coal boiler 1 .100 1.65 17955.5 1964.7 907.9 1076.6

Circulatirs TC 1 .810 1.68 17761.7 1940 , 517.3 1074.5

AIR ?-lCE PROJECT ,ITVATE MWO3ECT

LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST,

COAL DISCOUNTED ET4EFIT/ PAYBACK DISCOUNTED BENEFIT/

t OF USE, AS SPENT COST PERIOD, AS SPENT COST

TECHOLOGY UNITS tonlyr S RAiTO yr Iks RATIO

Natural gas boiler .. .. 49,607 1.000 c--- Existing system, primary fuel
*2 Oil fired boiler .. .. 72,667 --

J§t_ ,JI,:. boller .. .. 0 --

MicL-nized coal refit Not applicable because of :pace limitations

Slogging burner refit Not applicable because of space limitations

Modular FBC refit Not applicable because of space limitations

Stoker firing refit Not applicable because existing boilers were designed for #2 oil

Coal/water slurry 2 48,728 52,487 .945 >31 57,280 .866

Coal/oi. slurry Not evaluated

Low Btu gasifler refit Not. applicable bec . .se of snice linitattone_

Packaged shell stoker 3 49,385 50,821 .976 '31 58,703 .845

Packaged shell FV/ 3 48,086 43,308 1.145 16.3 50,653 .179

Field erected stoker 1 46,853 50,094 .990 >31 59,196 .838

Field erected FBC 1 45,662 43,090 1.151 16.5 51,281 .957

Pulverized coal boiler 1 45,682 49.390 1.004 30.2 59,528 .833

Circulatinx FBC 1 451 8 AS 406 1,090 20,7 55,428 .895

1:17 PH Oct 21, 1988
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TIP=1 Argo 2 X 75 tow~br. MUL M&A MCAL&INK - ZR
Total ste1a output,. 150.0 Ht tIhr

gotler capacity fact.or " .712

Number of units for refit 2

Hydrated I.t pric*(Ztjon) 40.00 COAL torxiiri

Ash dispo:aL price (C/ton) 10.00 L.ik stoker

Electric price (centsu/kWh) 4.00 Ash fraction .065 .065

Labor rate (l03yr) * 35.00 Sulfur fraction w .006 .01

L15e0tone price ($1ton) 20.00 RiY (Utullb) 12800. 12800.

N.urel &as price (OlhStu) 2.45 R.O.H. coal. (831Jtu) 1.68

#2 Oil price (S/l1tu) . 4.T, Stoker coal ($1/Mu) 1.99

to Oil price (*I/Htu) .00 Coal/HI*O mix (5l12u) 3.00

O TIONS Coalloil six (jlHaLu) 3.50

Soot. blower multiplier m 1.0

Tube bank mad multipller' 1.0 Pri"ary fueL Is 3

Bottom Ash pit. multiplier 1.0 KATUAL GAS

S02 control multiplier o1.0 I.# Oil. 2-#2 OiL, 3liG
LINESF 0MILIME

Inert fraction .05

ZCO"U C rARAMTU

Inflation & discounting ba&LA year w 1214

on Infie Index (1987 to base yr) a 1.040

Cat Infla Index (1958 to bass yr) o 1.000

Oil Inflea Index (1985 to base yr) o 1.000

Coal Infla Index (1058 to bore yr) o 1.000

Project start year m 1990

Project life (yr) - 30

Depreciation life (yr) o 15

General Inflation rate (X/yr) - 0

Type of gas escalation zero

Type of oil escalation - zero

Type of coal escalation zero

Discount rate (Zyr) - 10

Rate of return on Invest (2/yr) - 17

Amount of working capital %month) 2

Federl income tax rate (2) - 34.

Loc ;l prop tax (& insur) ret. (Z) u 2

PrA!. ESCALATIONI RATE (I/Xr)

TYPE CP FUEL 1988 1990 1995 2000 AN4D

rUMI T!'ZJALATTO01 -190 -1295 -2000 rEytD
Gas zero 0 0 0 0

Oil zero 0 0 0 0

Coal tero 0 0 0 0

1:22 PHi Oct 21, 1985



125

TIMM AM, 2 X 75 t~tulhr. IM RAL ESCA.AT1O - Z-fl

Total steam output" 150.0 ,Mtulhr Cot, bae year - 19$9

boilvr capacity factor . .712 Primary fuel - KATUL GAS

Korber of uniza for refit . 2

AlnItAL CQOSTSq

FUEL/ FUEL TOTAL HAXNT OTHER

4 OF ST PICE CAPITAL FUEL 0& M O&H

Tw~tMOGY NITS tTF 4112tv N5 W
Natural gas boiler -- .800 2.65 .0 3333.0 302.7 572.7

#2 Oil fired boiler -- .800 4.71 .0 506.2 302.7 672.7
10 Oil ir b1fed Ir -- .6l0 .00 .0 10 .0 .0

Hicronized coal refit 2 .800 1.65 6643.0 195647 57.2 1180.1

Stagitng burner refit 2 .600 1.86 11066.9 1084.7 57.2 1160.1

Hodular FbC refit 2 .790 1.68 12S97.3 1960.8 20.4 1112.

stoker firing refit 2 .740 1.99 10292.7 2515.1; 175 1143.0

Coallwater slrry 2 .750 3.00 6791.5 3742.3 520.4 1007.8

Cottil slurry 2 .780 3.50 588W.& 4108.1 414.4 867.7

Low Btu restfier rgftt, 3 .519 1.09 13&13.2 202.9 410.0 2019.5

Packaged shell stiker 3 .740 1.99 13237.9 2515.9 617.5 1215.0

Packaged shell MIC 3 .780 1.86 12571.5 208.1 520.4 1190.1

Field erected stoker 1 .750 1.99 15787.4 2365.9 814.4 1005.9

Field erected MIC 1 .800 1.68 14323.9 1984.7 804.4 1001.6

Fulverized coal boiler 1 .800 1.68 17956.5 1984.7 907.9 1076.6

ClrculatLIDA TIC 1 .$10 1.86 17781.7 1940.4 517.3- 107A.5

Alh .r,CE P"n "rCT P"IVATE "-OrCT.
LIFE LIFE

CYCLE: CYCLE

cOT, DISCOUNTED COST.
COAl, D:SWJOUTED BENEFITI PAYBCI. DISCOUNTED BENEFITI

# OF USE. AS SPENT COST PEIO. AS SPENT COST

TF"OLOSY UNITS temnsvr kI PATIO Yr k$ PATIO

Natural gas boiler .. .. 33.914 1.000 4--- Existing system. primary fuel
#2 Oil fired boiler .. .. 50.861 --

#6 Oil fired bOller .. .. 0 --

Hicronized coal refit Not, applicable because of space limitations

Slagging burner refit Not applicable because of space limitations

Vodular FBC refit Hot applicable because of space limitations

Stoker firing refit Not applicable because existing boilers were designed for E2 oil

Coal/water slurry 2 48.728 47,275 .717 >31 51,020 .053

CoaLlol slurry Not evaluated

Low .r asiftor refit -Not aylicable becjzso of soace limtatios ,

Packaged shell stoker 3 49.3856 47,317 .717 :31 55.100 .616

Packaged shell FEC 3 45.086 40,426 .839 >31 47,690 .711

Field erected stoker 1 46,853 48,770 .725 >31 55,777 .608

Field erected FBC 1 45.682 40,354 .840 331 48.467 .700

Pulverized coal boiler 1 45,682 46,653 .727 %31 56,714 .598

Circulating TIC 1 45.118 42,793 .793 :1,31 52849 .644

1:22 PH Oct 21, 1986
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ARNOLD AFS: AFSC

1. BACKGROUND

Arnold AFB is located near Manchester, Tennessee. The main steam
plant consists of 3 ) 72-HBtu/h and a 24-MBtu/h boiler, all of which
were designed for medium volitile bituminous coal but now fire
natural gas and distillate (No. 2) oil (secondary fuel). Coal-
firing was replaced by gas and oil in 1970.

All units are Edgemoor Iron Works wateruall sterling-type boilers
with air preheacers manufactured by Edgemoor installed on the three
larger units. Saturated steam at 200 psig is produced. According
to C. 11. Guernsey and Co., the large boilers have efficiencies of
76%, and the small boiler's efficiency is 71%. Peak load is re-
ported to be 210 HBtu/h, and the yearly fuel use ranges from 600,000
to 700,000 HBtu/year (an average of 69-80 HBtu/h).

2. HEATING PLANT UNITS

Heating Planc No. 1411:

24 HBtu/h, 3 x 72 HBtu/h, Edgemore Iron Works, 1951

3. IDEAL CAPACITY FACTOR ANALYSIS

The maximum possible capacity factors as a function of project size
are given belou for plant No. 1411.

FY 1986
Fuel ideal
input capacity

(MBtu/h) factor

60 0.99
70 0.94
80 0.89
90 0.83

100 0.77
110 0.72
120 0.66

4. ENERGY PRICES

FY 1986 Price Data:

Electricity = $13.0/MIBu = 4.44c/kWh
Distillate = $6.88/HBtu
Natural gas = $3.81/MBtu
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C. 1i. Guernsey and Co. Survey:

Electricity = 4.5c/kWh
Natural gas a 3.97/HBtu

5. COAL PROPERTIES AND PRICES

Stoker RON

Origin Harlan, Ky. Sarah, Ky.
H11V, Btu/lb 13.200 12,000
X Ash 6-8 10
X Sulfur 1.3 1.5
X Nitrogen
Ash-softening temperature, "F 2600 2600
Swelling index 4-6 3.5--
Top size, in. 1 1/4 2
Bottom size, in. 1/4 0
Finest X 5 35
Crindability index 46 47
Cost at mine, a/con 33 23
Delivered cost, $/ton 52 42
Energy cost, $;10 6 Btu 1.97 1.75

6. ENVIRONMENTAL REGULATIONS

6.1 Air Pollution Emission Limits for New Sources

SO. No emission limits for boilers <100 MBtu/h; for boilers
>100 HBtu/h: FBC - 90% reduction to meet limit of 1.2 lb/
HBtu; emerging technology - 50% reduction to meet limit of
0.6 lb/HBu.

NOX . No emission limits for boilers <100 HBtu/h; for boilers
>100 MBtu/h: spreader stoker and FBC - 0.6 lb/HBtu; pulverized
coal - 0.7 lb/HBtu.

Particulates. For boilers <100 MBtu/h: E = 0.6[10/(iBtu/
h)]O.5566; for 72 XBtu/h: 0.2 lb/HBtu; for boilers >100 :filtu/h:
0.05 lb/HBtu.

6.2 Coal-Pile Runoff

Limit: Total suspended solids - 50 mg/L.

6.3 Ash Dipiposal

Coal ash iv classified as solid was extraction procedure
(EP) will be required to determine it Lhe waste is nonhazard-
ous. If the test is negative, the ash will be classified as
special waste. The Nashville Field Office will issue a
"Special Waste Approval," necessary to dispose of the ash in an
existing landfill.
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7. OTHER CONSIDERATIONS

Noke

8. COAL-CONVERSION PROJECT OUTLOOK

It appears to be most economical to convert one 72-MBtu/h unit back
to coal. This correspondo to a fuel input of about 95 HBtu/h. The
maximum possible capacity factor based on monthly FY 1986 data is
about 80Z. With a 90Z equipment availability a realistic capacity
factor would be about 72X.

8.1 Effect of Environmental Regulations on Selection of Combustion
Technologies

SO, and NOx, Any of the combustion technologies boing consid-
ered could be employed without requiring any measures for NO,
or SO, reduction because the proposed conversion project is
smaller than 100 HBtu/h.

Particulates. Bag filters or electrostatic precipitators would
be required to comply with the particulate emission limitg.

8.2 Physical Space and Aesthetics

Heating Plant. The existihg boiler plant was originally
designed for coal. There is space available for reinstalling
combustion equipment at the existing boiler or for construction
of a new boiler at another site on base.

Coal-Hlandling Equipment. There is space available for install-
ing coal-handling equipment at the existing boilers.

Coal Pile. There is space available for a coal pile at the
existing boiler plant or at a new site on base.

8.3 Technical Risk of Combustion Technologies

These boilers were originally designed for pulverized coal-
firing. The least technical risk would be for conversion to
micronized coal-firing, because no SO2 reduction measures will
be required for one boiler because it is <100 HBtu/h.

9. COGENERATION PROJECT OUTLOOK

Cogeneration would probably not be economical at this base because
of the reasonably low electric power rates that are available from
TVA.



129

10. INUT A"D LCC S1MIARY SflZADSETS

ARPOL AS? I X 72 Iltulhr. RCW(3(XC ?AJW U - WHINAL VALU

Total steam output - 72.0 Hltulhr

Boiler capacity factor - .720

Number of units for refit - I

Hydrated lime price($1ton) - 40.00 COAL ram TIT3

Ash disposal price (5/ton) - 10.00 LLU.. Stoke

Electric price (cents/kI ) - 4.50 Ash raction - .100 .070

Labor rate (kSlyr) - 35.00 Sulfur fraction - .015 .013

Limestone price ($/ton) o 20.00 MV (Utu/lb) - 12000. 13200.

7M nIczS 7Mul. MIuCzS

Natural gas price (3/tu) - 3.97 R.O.H. coal (S3/ztu) - 1.75
f2 Oil price (S/1Btu) - 4.71 Stoker coal (1Htu) ' 1.97

#5 OiL price (S/11tu) - .00 CoalJH20 mix (SIttu) 3.00

OiTIONS Coalloil mix (S/ttu) 3.50

Soot blower multiplier - .0

Tube bank mod multiplier - .0 Yrimary fuel In 3

Bottom ash pit multiplier - 1.0 NATURAL GAS

502 control multiplier .0 1#6 Oil, 2-#2 Oil, 3NG

LUIESTOOE/LIM

Inert fraction - .05

ZCHIC 1AAXMTES
Inflation & discounting base year - 1985

Gen Infls index (1987 to base yr) - 1.040

Gas infla index (1985 to base yr) a 1.000

Oil infla index (1988 to base yr) - 1.000

Coal infla index (1988 to base yr) - 1.000

Project start year - 1990

Project life (yr) w 30
Depreciation life (yr) - 15

General inflation rate (Z/yr) - 0

Type of gas escalation - *gas

Type of oil escalation - soil

Type of coal escalation - ecoal

Disczunt rate (Ilyr) - 10

Rate of return on invest (2/yr) - 17

Amount of working capital (month) - 2

Federal income tax rate (2) - 34

Local prop tax (& insur) rate (2) - 2

REL ESCALATION-RATE (21yr)

TYPE OF FUEL 1988 1990 1995 2000 AND

FUEL ESCALATION -1990 -1995 -2000 BEYOND

Gas egas 3.89 8.87 5.77 5.77

Oil soil 4.86 7.87 4.16 4.16

Coal ecoal. 1.16 2.31 1.19 1.19

10:52 AM Oct 19. 1988
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AWOOLD AI I X 72 Mtuihr. ECOOIIC PAL9A90Z'- ". TI VALU S

Total steam output - 72.0 Httulhr Cost base year a 1988

Boiler capacity factor m .720 Primary fuel - NATURAL GAS

Number of units for refit - 1

AXW-AL COSTS

# FUEL/ FUEL TOTAL .AINT OTHER

OF STEAM PRICE CAPITAL FUEL 0 & H 0 & H

TECNOLOY UNIi§ EFF SIHStu k$ kS A k3 k

Natural &as boiler .800 3.07 .0 2253.5 202.2 525.0

#2 Oil fired boiler -- .800 4.71 .0 2873.6 202.2 525.0

JO Oil fird boiler -- .800 .00 .0 .0 .0 .0

Micronized coal refit 1 .800 1.75 3139.5 903.4 420.3 719.5

Slogging burner refit. 1 .800 1.75 5414.2 993.4 420.3 719.5

Modular FBC refit 1 .790 1.75 6299.9 1006.0 399.6 695.9

Stoker firing refit 1 .760 1.97 3685.3 1177.1 309.5 675.2

Coal/water alurry 1 .750 3.00 2842.2 1616.5 390.6 607.3

Coal/oil slurry 1 .780 3.50 2536.6 2037.7 318.2 573.0

Low Btu gseifier refit 2 .679 1.97 6343.5 131 ,3 368.5 944.7

Packaged shell stoker 2 .760 1.97 5475.5 1177.1 309.6 770.8

Packaged shell FBC 2 .760 1.75 0908.8 1045.7 399.6 792.5

Field erected stoker 1 .800 1.97 8119.7 1118.3 397.2 664.6

Field erected FBC 1 .800 1.75 8950.4 993.4 464.1 595.6

Pulverized coal boiler 1 .820 1.75 9468.3 969.2 468.9 724.4

Circulatins FDC 1 .810 1.75 10790.0 91.1 397.2 762.9

AIR FQRCE OJECT PRIVATE PROJECT

LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST,

COAL DISCOUNTED BENEFIT/ PAYSACX DISCOUNTED BENEFIT/

OF USE, AS SPENT COST PERIOD, AS SPENT COST

TECH OLOGY UNITS tonlvr kS RATIO yr kS RATIO

Natural gas boiler .. .. 45,468 1.000 <--- Existing systea, primary fuel
#2 Oil fired boiler .. .. 45,608 --

J6 01 fired boiler -- -- 0 --

Micronized coal refit 1 23,652 21,239 2.141 3.9 23,388 1.948

Slagging burner refit 1 23,852 23,188 1.963 5.7 26,489 1.717

Modular FBC refit 1 23,951 23,800 1.927 6.2 27,334 1.683

Stoker firing refit Not applicable because existing boiler was designed for ulverized coal

Coal/water slurry 1 25,229 27,624 1.646 5.8 29,789 1.526

Coal/oil slurry Not evaluated

Low Btu gasifier refit 2 25.348 28,215 16812 8.3 32.101 1.416

Packaged shell stoker 2 22,633 25,101 1.811 6.4 28,476 1.597

Packaged shell PBC 2 24,897 25,226 1.802 7.1 29,303 1.552

Field erected stoker 1 21,502 25,887 1.756 7.9 30,572 1.487

Field erected FBC 1 23,052 26,247 1.732 8.4 31,346 1.451

Pulverized coal boiler 1 23,075 26,716 1.702 8.9 32,080 1.417

Circulatinx FBC 1 23,360 27.578 1.649 9.7 33,610 1.353

10:52 AM Oct 19, 1988
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AM=OLD AE, I X 72 IMtu/hr. ? R USAIATION - Ah 1967

Total stem output, - 72.0 IStulhr

Boiler capacity factor - .720

Iumber of units for rfit. - 1

Hydrated lime price($/ton) - 40.00 COL rUTIEn
Ash disposal price (S/ton) - 10.00 R Stke

Electric price (cents/kWh) - 4.50 Ash fraction - .100 .070

Labor rate (kS/yr) - 35.00 Sul.fur traction - .015 .013

Limestone price (3/ton) - 20.00 VHW (Btullb) 12000. 13200.
IL ICES PUT PRICES

Natural s price (S/ltu) 3.97 X.O.H. coal (S1ttu) 1.75

*2 Oil price (S/tMtu) - 4.71 Stoker col (S/t-tu) 1.97
#5 OIL prize ($S/ttu) .00 Coal2O mix (S/tHtu) 3.00

OPT'IONS Coal/oil six (S1/tu) - 3.50

Soot. blower multiplier .0
Tube bank mod multiplier - .0 Primary fueL Is 3

Bottom ash pit multiplier - 1.0 NATAAL GAS

S02 control multiplier .0 1-"6 Oil, 2-#2 Oil, 3-'G

LDNMfSTOULDE

Inert fraction .05

~~C ?ARAM9TIS
Inflation & diecounting base year - 198

Gen irt.a index (1987 to base yr) - 1.040

Gas infla index (1985 to base yr) - 1.000

Oil mu.le index (1985 to base yr) - 1.O00

Coal Infta Index (1968 to bae yr) - 1.000

project start year - 1990

Project life (yr) - 30

Depreciation life (yr) - 15

General inflation rcte (Z/yr) - 0

Type of gs escalation - eggs

Type oT oil escalation - *oil

Type of coal escalation - ecoal

Discount rate (Ilyr) - 10

Rate of return on invest (I/yr) w 17

Amount of working capital (month) - 2

Federal income tax rate (X) - 34

Locml prop tax (& insur) rate (Z) - 2

REAL ESCALATION RATE (Myr)

TYPE OF FUEL 1988 1990 1995 2000 AD

FMIL ESCALATION -1990 -1995 -2000 BEYOND

Gas eggs 2.26 4.70 5.49 2.75
Oil *oil .17 4.16 5.55 2.77

Coal ecoa. 1.45 1.76 1.61 .81

11:00 AM Oct 19, 1988
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AWS , A,7: I X 72 H04lhr. _=. PAL ESCALATIOW - A?) 196Z

Total aLeam output - 72.0 MHtu/hr Cos-t base year " 1988

Doller capacity factor - .720 Primary fuel NATURAL GAS

Number of units for refit 1

ANtIVAL COSTS

* FUE.1; FUEL TOTAL MAINT OTHER

OF STEA. FR7CE CAPITAL FUEL 0 & H 0 & M

,MfN0WGYUNITS EFF 3 t-At!t kS 3 V

Natural gas boiler -- .800 3.97 .0 2253.6 202.2 525.0

12 Oil fired boiler -- .830 4.71 .0 2673.5 202.2 525.0

6 O11 fired boiler -- .00 .00 .0 .0 .0 .0

Micronized coal refit 1 .800 1.75 3139.5 993.4 420.3 719.5

Slagging burner refit 1 .800 1.75 5474.2 993.4 420.3 71V.5

Modular FEC refit 1 .790 1.75 6299.9 1005.0 399.6 695.9

Stoker firing refit 1 .760 1.97 3853.3 1177.1 399.5 675.2

Coallwater slurry 1 .750 3.00 2842.2 2816.5 399.6 607.3

Coal/oil slurry 1 .780 3.50 2535.6 2037.7 318.2 573.0

Lev Btu atayfige refit 2 .679 1.97 6343.5 1318.3 368.5 944.7

Packaged shell stoker 2 .760 1.97 5475.5 1177.1 399.6 770.8

Packaged shell FEC 2 .760 1.75 6908.8 1045.7 399.6 792.5

Field erected stoker 1 .800 1,97 8119.7 1118.3 397.2 654.6

Field erected FEC 1 .800 1.75 8950.4 993.4 464.1 695.6

Pulverized coal boiler 1 .620 1.75 9468.3 969.2 468.9 724.4

Circulstira FEC 1 .610 1.75 10790.0 981.1 397.2 762.9

ATR FORtCE PROJECT PRIVATE PROJECT
LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST,

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/

I OF USE, AS SPENT COST PERIOD, Ai SPENT COST

TECJINOLOGY UNITS ton/yr kS RATIO yr . RATIO

Natural gas boiler .. .. 34,065 1.000 <--- Existing system, primary fuel

12 Oil fired boiler .. .. 37,312 --

15 Oil tired boiler -- -- 0 --

Micronized coal refit 1 23,652 21.081 1.616 4.7 23,206 1.468

Slagging burner refit 1 23,652 23,010 1.480 7.3 26,326 1.294

Modular FEC refit 1 23,951 23,440 1.453 8.0 27,169 1.254

Stoker firing refit Not applicable because existing boiler was designed for pulverized coal

Coal/water slurry 1 25,229 27,335 1.246 9.0 29,492 1.155

Coal/oiL slurry Not evaluated

Low Btu gasifAer refit 2 25,348 28,005 1.21Q 12.4 31,885 1.068

Packaged shell stoker 2 22,633 24.914 1.367 8.6 28,284 1.204

rackaged shell FBC 2 24,897 25.060 1.359 9.6 29,132 1.169

Field erected stoker 1 21,502 25,709 1.325 10.7 30,380 1.121

Field erected FBC 1 23,652 26,089 1.306 11.5 31,183 1.092

Pulverized coal boiler 1 23,075 26,562 1.282 12.2 31,922 1.067

Circtilatinx FBC 1 23.360 27,422 1,242 13.6 33,450 1.018

11:00 AM Oct 19, 1988
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U = AIM 1 X 72 ttuthr. FM I. .ALk CALATOP=JM

Total steam output - 72.0 Htuhr

Boiler capacity factor o .720

Nuber of units fo refit - 1

hydrated Lima price(Sitn) w 40.00 COAL MOtrlMXS

Ash disposal price (Siton) w 10.00 L.Q.h. Stokot

Electric price (ce:ts/kWh) - 4.50 Ash fraction 9 .100 .070

Labor rate (k$1yr) - 35.00 Sulfur fraction - .015 .013

Limestone price (S/ton) w 20.00 M1V (Itulb) " 12000. 13200.

FUEL MqICS ru. MICcS

NAtural ga price ($/t"tu) P 1.97 R.O.H. coal ($1/Htu) 1.75
#2 OIL price ($1/ tu) n 4.71 Stoker coal ($jt/tu) 1.97

t6 Oil price ($1Htu) " .00 Coal 120 mix ($1HtIu) 3.00

OrrIONS Coal/oil mix ($/"Btu) - 3.50

So-t blower multiplier w .0

Tube bank mod multiplier - .0 Primary fuel. is 3
Bottom ash pit multiplier - 1.0 NATURAL GAS

S02 control multiplier a .0 1%#6 Oil, 2*#2 Oil, 3- NO

LDIESIOVILIME

Inert fraction a .05

ZCIOMC PARMETES

Inflation & discounting base year a 1988
Gen infla index (1987 to base ye) m 1.040

Gas infla index (1988 to baa. ye) a 1.000

Oil Infla index (1988 to base ye) a 1.000

Coal infla index (1988 to base yr) - 1.000

Project start year % 1990

ProJect life (yr) w 30

Depreciation life (ye) w 15

General inflation rate (Zlyr) - 0

Type of gas escalation - zero

Type of oil escalation - zero

Type of coal escalation - zero

Discount rate (X/yr) - 10

Rate of return on invest (2/ye) - 17

Amount of working capital (month) a 2

Federal income tax rate (M) - 34

Local prop tax (& insur) rate (2) a 2

0 REAL ESCALATION RATE (l/vr)
TYPE OF FUEL 1988 1900 1995 2000 AND

FUEL ESCALATION -1990 -1995 -2000 BEYOND

Gas zero 0 0 0 0
Oil zero 0 0 0 0

Coal zero 0 0 0 0

11:06 AM Oct 19, 1988
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AOLD An, 1 X 72 Intullh. FUI. Lr.AL UCALAT1QI-

Total steom outpuL - 72.0 H0tu/hr Cost, bass year 198

Boiler capacity factor .720 Primary fuel - ATUA us

$umber of units for refit I

ANUAL COSTS

# FUEL/ FUEL TOTAL IAIXT OTHflR

OF STrAWt PRICE CAPITAL FUEL 0 & 0 & M

TECnOLOY ... UNITS _EK $!M tu kS ks kS kS

Natural gas boiler - .800 3.97 .0 2253.6 202.2 525.0

#2 Oil fired bailer -- .100 4.71 .0 2673.6 202.2 525.0

#6 Oil fired boiler -- .00 .00 .0 .0 .0 .0

Micronized coal refit 1 .100 1.75 3139.6 993.4 420.3 719.5

Slagging burner refit 1 .800 1.75 5474.2 993.4 420.3 719.5

Hodular FSC refit 1 .790 1.75 6299.9 1006.0 39,6 895.9

Stoker firing refit, 1 .760 1.97 3653.3 1177.1 309.6 675.2

Coallwater slurry 1 .710 3.00 2842.2 1816.5 399.6 607.3

Coal/oil slurry 1 .780 3.50 2536.6 2037.7 318.2 573.0

Low Btu iesifier refit 2 .679 1.97 5343.5 1318.3 368.5 944.7

Packaged shell stoker 2 .760 :.97 5475.5 1177.1 399.6 770.6

Packaged shell FC 2 .760 1.75 6908.8 1045.7 399.6 792.5

Field erected stoker 1 .100 1.97 6119.7 1118.3 397.2 664.8

Field erected FBC 1 .800 1.75 8950.4 993 4 464.1 695.6

Pulverized coal boiler 1 .820 1.75 9468.3 969.2 466.9 724.4

C|),931atinx FBC 1 .810 1.75 10790.0 961.1 397.2 762.9

AIR FORCE PROJECT PRIVATE MWOJECT

LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST,

COAL DISCOUNTED BENEFIT/ PAYBAC DISCOUNTED BENEFZT/

# OF USE, AS GPENT COST PER IOD, AS SPENT COST

TECHNOLOGY UNITS ton/yr kS RATIO 'yr kS RATIO

Natural gas boiler .. .. 23,455 1.000 <--- Existing system, primary fuel

#2 Oil fired boiler .. .. 26,728 --

Lil fired boiler .. .. 0 -""

Micronized coal refit i 23,652 19,697 1.191 5.4 21,783 1.077

Slagging burner refit 1 23,652 21,827 1.085 12.8 24,903 .942

Modular FEC refit 1 23,951 22,038 1.064 15.2 25,729 .912

Stoker firing refit Not applicable because existing boiler was designed for pulverized coal

Coal/water slurry 1 25,229 24,805 .946 >31 26,891 .872

Coal/oil slurry Not evaluated

Low Dtu masifier refit 2 25.348 28,169 .895 :31 . 29.927 .702

Packaged shell stoker 2 22,033 23,274 1.008 25.2 26,598 .862

Packaged shell FBC 2 24,897 23,5rj .994 >31 27,834 .849

Field erected stoker 1 21,502 24,152 .971 >31 28,787 .815

Field erected FBC 1 23,652 24,705 .949 >31 29,761 .785

Pulverized coal boiler 1 23,075 25,212 .930 >31 30,534 .788

Circulating FBC 1 23.360 a6.056 .900 >32 32,045 .732

11:C6 AM Oct 19, 1988
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HANSCOM A'B: AFSC

1. BACKGROUND

Ianscom AFB is located near Boston, in Bedford, Hassachusetts.
There is a central heating plant with four boilers, each with a
capacity near 50 HBIu/h. All boilers were designed for residual
(No. 6) oil combustion and are LwO-drum sterling water-tube boilers.
The primary fuel is No. 6 oil, with natural gas as the secondary
fuel. The steam plant produces 100 psig saturated steam. The
yearly average fuel use is roughly 85 HBtu/h.

2. HEATING PLANT UNITS

Ileating Plant No. 1201:

3 x 51.3 HBtu/h, Erie City Iron Works, 1953
1 x 49.4 HBtu/h, E. Keeler Co., 1961

3. IDEAL CAPACITY FACTOR ANALYSIS

The ideal capacity factors listed below were chlculated from monthly
fuel-use data for plant No. 1201.

FY 1986
Fuel ideal
input capacity

(MBtu/h) factor

60 0.99
70 0.94
80 0.90
90 0.84
100 0.80
120 0.70
150 0.56

4. ENERGY PRICES

FY 1986 Price Data:

Electricity = 6.8C/kWh
Natural gas = varied from $2.4 to $3.9/MBtu
Residual oil = $5.13/HBtu

C. H. Guernsey and Co. Survey:

Electricity = 6.07C/kWh
Natural gas = $6.2/HBtu (looks like an error)
Residual oil = $4.67/MBtu
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5. COAL PROPERTIES AND PRICES

Stoker RON

Origin Slago, Pa. Slago, Pa.
lllV, Btu/lb 13,000 12,800
X Ash 7-9 8-10
Z SuLfur 1.8-2.2 1.3-2.2
X Nitrogen 1.32 1.30
Ash-softening Lemperature, "F 2500 2300
Swelling index 6-8 6-8
Top size, in. 1 5/8 2
Bottom size, in. 1/2 0
Fines, X 5
Grindability indey 50-55 50-55
Cost at mine, ;/ton 40 26.50
Delivered cost, /con 66.00 52.50
Energy cost, $/106 Bcu 2.54 2.05

6. ENVIRONHENTAL REGULATIONS

6.1 Air Pollution Emission Limits for New Sources

0.55 lb/HBtu.

Nox.  No emission limits for boilers <100 HBtu/h; for boilers
>100 HBcu/h: spreader stoker and FBC - 0.6 lb/MBtu; pulverized
coal - 0.7 lb/HBcu.

Particulates. For boilers >3 and <100 HBtu/h: 0.1 lb/HBtu;
for boilers >100 NBtu/h: 0.05 lb/HBtu.

6.2 Coal-Pile Runoff

Limit: Total suspended solids - 50 mg/L.

6.3 Ash Disposal

Ashes are classified as rubbish and may be disposed of in any
approved sanitary landfill.

7. OT1IER CONSIDERATIONS

In 1980, the planned retirement date for these units was 1985, and
the condition of the p!,at was described as poor. According to the
C. 11. Guernsey and Co. s.rvey, the same boilers are still in place,
but an upgrade of the plazn is in progress.

There are discrepancies in the fuel prices and which fuel is used
for the boilers. It appears that gas is burned when available, and
the cost is $2.4-3.9/HBtu. From examining the DEIS data, the gas



137

supply seems to be interrupcible and becomes tinavailable in the
winter months. The price of gas reported in the C. 11. Cuernsey and
Co. survey seems to be an error.

8. COAL-CONVERSION PROJECT OUTLOOK

A likely conversion project would involve conversion or replAcement
of one unit. It a unit with a coal-firing output capacity of 50
HBtu/h (roughly 62.5 KBtu/h fuel input) were installed, an overall
capacity factor of about 88% would be expected (assuming a 90%
equipment availability).

8.1 Effect of Environmentsl Regulations on Selection of Combustion
Technologies

LO . The strict SO2 emission limit till require 86% SO2
reduction while burning 2% sulfur coal, which will necessitate
the usd of limestone addiLion with micronized coal or the use
of deep-cleaned, coal-water-mixture fuel.

N O-. Hicronized coal or coal-waLer-mixcure firing reportedly
can meet che NO, lirait of 0.7 lb/KBtu for pulverized fuel
firing.

Particulates. Bag filters or electrostatic precipitators would
be required to comply with the particulate emission limits.

8.2 Physical Space and Aesthetics

Heating Plant. The existing boiler plant was designed for
No. 6 oil. There is space available for installing coal-water-
mixture or micronized coal, but not stoker or FBC, combustion
equipment at the existing boiler. There is not enough space
available for a new coal-fired boiler at the existing plant,
nor is there any site available within a reasonable distance of
the heat-distribution system for a new plant.

Coal-Handling Equipment. There is not enough space available
for installing coal-handling equipment at the existing boiler.
Coal-water mixture fuel could probably be used.

Coal Pile. There is not enough space available for a coal pile
on base.

8.3 Technical Risk of Combustion Technologies

Because of space limitations, the only technology available for
conversion is coal-water-mixture fuel, and this would be
limited to deep-cleaned fuel because of the strict SO2 limits.
The technical risk is moderately high because of the limited
experience with this fuel for firing oil-designed boilers at
full rated load.
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9. COCENERATION PROJECT OUTLOOK

There is not enough space available for locating a new coal-fired
cogenetation plant on base wichin a reasonable distance of the
existing heat-distribuLion system,

*
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10. IXIWT AO LCC St94A2 5I1ZADI TS

US= AI I I 50 NLt br. I C PARMEc n -XMAL VALUU

Total. ate outpuat . 50.0 atwlhr
Boller capacity factor- .881

)aber of units for refit 1

lydrated lime prica(/ts ) - 40.00 COAL 1MtUTS:

Ash disposal price (Siton) - 10.00 L Stker
Electric price (cents/kUh) - 6.10 Ash faction - .090 .080

Labor rate (kS/yr) - 35.00 Sulfur fraction - .020 .020

Limestone price (31ton) - 20.00 MR (Itu/lb) - 12100. 13000.

Natural as price (81iMU) - 3.50 1.O.14. coal (S/16u) - 2.05

*2 Oil price (31HItu) - .00 Sto er coal. (SI1wu) - 2.54

#9 O11 price (3/itu) - 3.87 Coal/R20 mix (SItLu) 3.00

Ot'rTION Coal/oil mix (311tLu) 3.50

Soot blower multiplier .0
Tube ban mod multiplier 1.0 lri"a.r7 fuel. in 1

lotts ash pit mltiplLer - 1.0 #6 FUEL OIL

502 control multiplier - 1.0 1-60 il, 1-#2 Ol, 3-NG

LDWS ILDIM

Inert fraction- .05

MC0mW C PAR TM

Inflation A discounting base year- 1988
Gen intl& Index (1987 to base yr) - 1.040

Gas Infla index (1988 to base yr) - 1.000
Oil infia, indez (19810 to baa. yr) - 1.000

Coal Intla Index (1985 to base yr) 0 1.000

Project start year 1990

Project life (yr) - 30

Doepreciation life Cyr) n 15

General inflation rate (2Iyr) - 0

Type of gas escalation * egas

Type of oil escalation - toil

Type of coal escalation ecoal

Discount rate (Z/yr) - 10

late of return on "-/est (I/yr) 17

Amount of working capital (month) - 2

Fedezal income tax rate (2) - 34

Local prop tax (M insur) rate (2) - 2

REAL ESCALATIOE RATE (Vlyr)

TYPE OF FUEL 1988 1990 1995 2000 A(D

FUEL ESCALATIONI -1990 -995 -2000 BEYOND

Gas *gas 3.89 8.87 5.77 5.77

Oil soil. 4.86 7.87 4.16 4.16

Coal ecoal 1.16 2.31 1.19 1.19

4:15 PH Oct 19, 1983
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1L'!CM Antx I X 50 Mtlhr. tamM29C tAR&4fTC;- a KINAL !A=U~

Total SLOe Output W !0.0 lotulhr Cost base year 1t1
Boller capaciLy factor - .811 PCIaAry fuel 6 nuE OIL

Number of unis for refit - I

# W VAEL MOAL PA1NT OTflEt
Or SIAI MICE WIWI~t r422. 0~ A Oa a

Natural 3as bailor --. 100 3.50 10 1601.0 155.4 494.3
#2 Oil Cited boiler -- .000 A0 .0 .0 .0 .0

#6 oil firod bole~r I. 1j) .6 .0 1774.2 161.4 494.9

HtiCZ00ized COAL WIr 1 .00 2.03 2187.4 911.1 368.2 014.6

S1agging burner refit 1 .100 2.05 4775.3 9o1.1 360.2 $14.6
Modular TIC reeit 1 .730 2.05 5420.1 IC03.6 350.4 771.3

Stoker firing refiL 1 .740 2.54 4416.7 1327.5 541.9 764.4

Coal/wAter slurry 1 .750 3.00 2928.1 1547.0 330.4 709.9

Coal/ol* slurry 1 .710 3.50 2375.5 1735.4 273.0 602.8

Low' Ittj sesaffir refit. 1 .619 2.54 4997.5 1031.0 323.2 1067.5

Fackaged shell stoker 1 .740 2.54 4931.2 1327.5 541.9 764.4

facksAgd shell FIC 1 .750 2.05 4037.0 1043.2 350.4 776.5

Field erected stoker 1 .700 2.54 7077.2 1253.4 533.8 749.5

Field erected FC 1 .X30 2.05 72230 991.1 407.0 769.7

Pulverized coal boiler 1 .100 2.05 6942.1 091.1 602.7 501.6

Circulating TIC 1 .810 2.85 04554.6 976A6 34013 $04.5

All FOPCE POMC PRIVATE "W0ECT

LIF'C LIFE
CYCLE CYCLE

COsT. DISCOUNTED COST,

COAL DISCOUNTED 8TE14ETITI PAYW DISCOUNTED BDENEFIT/

# OF Us . AS SPIT COST PERIOD, AS SFENT COST

TEMtIMMCY UNITS tenlyr k3 P'ATIO yr k3S PATIO
Natural gas boiler .. .. 35.046 --

#2 OIL fired boiler .. .. 0 --

#6 Oil fired boiler 1- - 2.350 1,000 '.-Ex. ng sytm rrlmArv ftiol

Hicronized coal refit Not applicable because of space limita.Jons

Slagging burner refit, Not applicable because of space limitations

Wodular FC refit ot applicable because of apace limitations

Stoker firing refit Not applicable because existing boilor was designed for #6 oil

Coallwater slurry 1 20.143 25,537 1.267 10.1 27,686 1.168

Coal/oil slurry Not evaluated

jow Btu gsifier Weit Not arolicablo because of Isgo-leimitations -- ___________

Packaged shell stoker Not applicable because of space limitations

Packaged shell FBC Not applicable because of space limitations

Field erected stoker Not applicable because of space limitations

Field erected FC Not applicable because of space limitations

Pulverized coal boiler Not applicable because of space limitations

Circulatinx FEC Not applicable because of soace limitations,

4:15 Eli Oct 19. 1988
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NA9CW A1 I X 50 tstulhr. IEL REAL ESCALATT0 - PO 1-A I7

Total atom output - 50.0 Htujhr
Boiler capacity factor .683

Numbr of units for refit I
tydrated line prico($1Lon) 40.00 COAL ?Ni1MTIZS

Ash disposal price ($/ton) 10.00 R.O.M. 3t.ktX

Electric price (centslk;h) 6.10 Ash fraction .090 .080
Labor rate (k31yr) 3 55.00 Sulfur fraction ..020 .020

Limestone price ($/Lon) - 20.00 HIM (Itu/lb) 12800. 13000.

Natural gas price (3/ttu)- 3.50 R.O.H. coal ($1Au) 2.05

12 Oil price (/32tu) .00 Stoker coal (3llttu) - 2.54

#6 Oil price (O/1Wtu) 3.67 Coal/1120 oix ($/l02u) 3.00

OrrIONS Coalloil mix (8/tutu) - 3.50

Soot, blier multiplier - .0

Tube bank mod multiplier - 1.0 rrieary fuel Is 1

Bottom ash pit multiplier a 1.0 #6 FUEL OIL

S02 control multiplier - 1.0 1.0 Oil. 2-"2 0l1, 3-G

LUCTOIZ/L1)
Inert fraction - 05

Z008MXC PAR.AMETERS
Inflation & discounting base year % 1988

Can intla index (1987 to base yr) - 1.040

Gas Intl& index (1956 to base yr) - 1.000

Oil infla index (1985 to base yr) - 1.000

Coal infla index (1908 to base yr) - 1.000

Project start. year - 1920

Project life (yr) - 30

Depreciation life (yr) w 15

General inflation rate (Ilyr) - 0

Type of gas escalation - egas
Type of oil escalation a eoll

Type of coal escalation w ecoal

Discount rate (Zlyr) a 10
Rate of return on iivest (Z/yr) - 17

Amount of working capital (month) a 2

Federal income tax rate (2) - 34

Local prop tax (& insur) rate (Z) - 2

REAL ESCALATION1 RATE (I1vr)

TYPE OF FUEL 188 1990 1995 2000 AND

FUEL ESCALATIot .-190 -1995 -2000 BEYON D

Gas egas 2.28 4.70 5.49 2.75

Oil *oil .17 4.16 5.55 2.77

Coal ecoal 1.46 1.76 1.61 .81

4:28 PH Oct 19, 1988

Ie
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A8 I X 5M )tubr. TM- IZAL DCALATTOK ' AO 19#7
Total stoesm output 50.0 MBLujhr Coat base year 1 t88

Boiler capacity factor " .883 Primary fuel - #6 FUEL OIL

Number of units for refit - 1

AII1I1AL COSTS

# FULJ FUEL TOTAL HAINT OTMNU
Or STEAM PRICE CAPITAL FUEL 0 & o 0 M

TElNOLOGY UNITS EFF $fl/tu kS kS iS kS

Natural gas boiler -- .800 3.50 .0 1692.0 165.4 494.9

12 Oil fired boiler -- .100 .00 .0 .0 .0 .0

46 Oil fired boiler -- .800 3.67 .0 1774.2 155.4 494.9

Micronized coal refit. 1 .800 2.05 2887.4 991.1 368.2 814.6

Slogging burner refit 1 .800 2.05 4775.9 991.1 368.2 814.8

Modular F5C refit 1 .790 2.05 5420.1 1003.5 350.4 771.3

Stoker firing refit 1 .740 2.S4 4418." 1327.5 541.9 764.4

Coal/wat4er slurry 1 .750 3.00 2928.1 1547.0 350.4 709.9

Coal/0ol slurry 1 .780 3.50 2375.5 1735.4 279.0 802.8

Low Btu aesifier refit 1 .659 2.54 4997.5 1491.6 323.2 1067.6

Packaged shell stoker 1 .740 2.54 4931.2 1327.5 541.9 784.4

Packaged shell FC 1 .750 2.05 4837.0 1043.2 350.4 776.5

Field erected stoker 1 .780 2.54 7877.2 1259.4 539.8 749.5

Field erected FBC 1 .800 2.05 7229.0 991.1 407.0 769.7

Pulverized coal boiler 1 .800 2.05 8942.1 991.1 602.7 801.6

Circulatins FIC 1 .810 2.05 8554.6 978.8 348.3 804.5

AIR FORCE PROJECT PRIVATE PROJECT

LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST,

COAL DISCOUNTED BENEFITI PAYBAC DISCOUNTED BENEFIT/

# OF USE, AS SPENT COST PERIOD, AS SPENT COST

TECHMOLOQY UNITS ton/yr ko RATIO yr kS RATIO

Notural $as boiler .. .. 26,484 --

#2 Oil fired boiler .. .. 0 --

f; Oil fired boiler .. .. 26,182 1.000 '- Existng systef. ri ry fuel-

Micronized cosl refit Not applicable because of space limitations

Slogging burner refit Not applicable because of space limitations

Modular FBC refit Not applicable because of space limitations

Stoker firing refit Not applicabli because existing boiler was designr 2 for #6 oil

CoAl/wAteor slurry 1 20,143 25,2t& 1.035 23.6 27,433 .934

Coat/oil slurry Not evaluated

Low Btu gasifier refit Not p licable because of ssce limitations

Packaged shell stoker Not applicable because of space limitations

Packaged shell FBC Not applicable because of space limitations

Field erected stoker Not applicable because of space limitations

Field erected FBC Not applicable because of space limitations

Pulverized coal boiler Not applicable because of space limitations

Circulati-suc FBC Not epplicable because of space 1imitations

4:28 P 4 Oct 19, 1988
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M3 . X 5 mtulhr. IM AML UQCArIOl - M
Total ateam output - 50.0 HUtulhr

Boiler capacity factor - .883

Nmbor of units for refit - 1
HXydrated line price($1ton) - 40.00 COAL P12OMM

Ash disposal price (i/ton) 10.00 L2J.. ; #&5Uk

Electric price (cents/kWh) 6.10 Ash fraction- .090 .080

Labor rate (k3lyr) " 35.00 Sulfur fraction - .020 .020

Linmetcne price (S/ton) - 20.00 XIV (Btu/lb, - 12800. 13000.
rM PRCES FM M3t

Natural Las price ($1S/tu) - 3.50 R.O.H. coal (3/tltu) - 2.05

#2 Oil pricu /m I=) - .00 Stoker coal (Sir-tLu) - 2.5i

#6 Oil price ($1fltu) - 3.67 Coal/H20 mix CC/,2-u) - 3.00

OTIOS Coalloil mix ($1/~tu) - 3.50

Soot blower multiplier - .0
Tube bank mod multiplier - 1.0 Primary fuel in 1

Bottom ash pit multiplier - 1.0 6 FUEL OIL
S02 control multiplier - 1.0 1-#6 Oil. 2-#2 Oil, 3-NG

LUSTMLDs

Inert fraction - .05

ZOOMUKXC PARAbETERS
Inflation & discounting base year - 1988

Gen infla index (1957 to base yr) - 1.040

Gas infle Index (196 to base yr) - 1.000

Oil infla index (1988 to base yr) - 1.000

Coal infla Index (1988 to base yr) - 1.000

Project start year - 1990

Project life (yr) - 30

Depreciation life (yr) - 15

General Inflation rate (Ilyr) - 0
Type of gas escalation - zero

Type of oil escalation - zero

Type of coal escalation -zero

Discount rate (Z/yr) - 10

Rate of return on invest (2/yr) a 17

Amount of working capital (month) - 2

Federal income tax rate (M) - 34

Local prop tax (& insur) rate (Z) - 2

a ~~~REAL RCLTO AT ~It
TYPE OF FUEL 1988 1990 1995 2000 AND

FUEL ESCALATION -1990 -1995 -2000 BEYOND

Gas zero 0 0 0 0

OIL zero 0 0 0 0

Coal zero 0 0 0 0

4:31 PH Oct 19, 1988
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RAJESCCI A"'. I X 50 HIituthr. EUM EL AL-MV1C61ATION Z1O
Total. stem output W 50.0 h3cuthr Cost base year - 1288

Boller capacity factor .883 Primary fuel #5 FUEL OIL

$w=bar of units for refit m I

AHT141AL COTS
# FUELI FUEL WTAL HAINT OTHER
OF STM M CP CAPITAL FUEL 0 & M 0 & H

TECHOLOGY UhITS ZEF $fltu k3 IS k$

Natural gas boiler -- .O00 3.50 .0 1692.0 165.4 494.9

#2 OIL fired boiler -- .800 .00 .0 .0 .0 .0

50!1 ftrad botler -- ,800 3.67 .0 1774.2 165.4 494.0

Hicronized coal refit 1 .800 2.05 2887.4 991.1 366.2 814.6

Slagging burner refit 1 .800 2.05 4775.9 091.1 368.2 814.6

Modular FBC refit 1 .790 2.05 5420.1 1003.5 350.4 771.3

Stoker firing refit 1 .740 2.54 4418.7 1327.5 541.9 764.4

Coallh er slurry 1 .750 3.00 2928.1 1547.0 350.4 709.9

Coalloil slurry 1 .780 3.50 2375.5 1735.4 279.0 602.5
Low 8tv gaslier rofit 1 .650 2.54 4997.5 1401.6 323.2 1067.5
Packaged shell stoker 1 .740 2.54 4931.2 1327,5 541.9 764.4

Packaged shell FBC 1 .760 2.05 4837.0 1043.2 350.4 776.5

Field erected atoker 1 .750 2.54 7877.2 1259.4 539.8 740.5

Field erected FSC I .8C0 2.05 7229.0 991.1 407.0 769.7
Pulverized coal boiler 1 .00 2.05 80942.1 991.1 602.7 801.6

Cir.glating FEC 1 .610, 2.05 8554.6 978.6 348.3 004.5

AIR FORCV-PROJEC PRIVATE PROECT

LIFE LIFE

CYCLE CYCLE
COST, DISCOUNTED COST,

COAL DISCOUNTED BENEFIT/ PAYBAC) DISCOUNTED BENEFIT/

* OF USE, AS SPENT COST PERIOD, AS SPENT COST

TECHNOLOGY UNITS tonIvr k$ RATIO Yr k$ RATIO

Natural gas boiler .. .. 16.517 --

#2 Oil fired boiler .. .. 0 --

46 0il farnd boiler .. .. 10,158 1,000 4--- Existing system. primar" fuel

Hicronized coal refit Not applicable because of apace limitations

Slagging burner refit Not applicable because of space limitations

Hodular FBC refit Not applicable because of space limitations

Stoker firing refit Not applicable because existing boiler was designed for 96 oil
Coal/water slurry 1 20,143 23.137 .828 >31 25,217 .760

Coal/oil slurry Not evaluated

Low Btu asifier refit Not applicable because of space limitations

Packaged shell stoker Not appLcablv because of space limitations

Packaged shell FBC Not applicable because of space limitations

Field erected stoker Not applicable because of space limitations

Field erected FBC Not applicable because of space limitations

Pulverized coal boiler Not applicable because of space limitations

Circulating FBC Not applicable because of space limitations

4:31 PH Oct 19, 1988
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ANDREWS AFB: HAC

1. BACKGROUND

Andrews AFB Is located near Washington, D.C. There are three steam
plants on the base, all of which were upgraded in some manner in
1985. The specifics of this upgrade effort are not known and
probably should be investigated. Two of these plants may be large
enough to get some consideration for coal conversion. Each steam
plant consists of water-tube boilers producing saturated steam at
100 psig-

All boilers, with the exception of three built after 1964 (see the
lists that follow), are designed for bituminous coal. Residual oil
(No. 6) is the primary fuel for all the boilers, and there is
apparently no secondary fuel. Some coal storage silos and receiving
hoppers are still on site.

Data are inconsistent with regard to annual fuel use. Data for
plant No. 1515 average fuel consumption range from 22 to 49 MBtu/h,
with the larger value reported by C. If. Guernsey and Co. The data
for plant No. 1732 range from 15 to 40 HBtu/h, with the smaller
value reported by C. 11. Guernsey and Co. It is assumed that plant
No. 1515 and plant No. 1732 are interconnected.

2. HEATING PLANT UNITS

Heating Plant No. 1515:

2 x 59.8 MBtu/h, Bigelow, 1958
2 x 29.9 and 15.9 HBtu/h, Union Iron Works, 1946

Heating Plant No. 1732:

3 x 33.5 MBtu/h; Keeler Co.; 2-1961, 1-1965

Heating Plant No. 3409:

2 x 16 HBtu/h, Keeler Co., 1971
3 x 15 HBtu/h, Keeler Co., 1960

3. IDEAL CAPACITY FACTOR ANALYSIS

Maximum possible load factors as a function of project size are
given below. Load information was calculated assuming two boiler
plants (No. 1515 and No. 1732) are interconnected.
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Plant Mos. 1515 and 1732
interconnected

CY 1985 FY 1986
Fuel ideal ideal
input capacity capacity
(MBtu/h) factor factor

30 0.92 0.73
50 0.76 0.57
70 0.67 0.49
90 0.60 0.43
120 0.51 0.39

4. ENERGY PRICES

FY 1986 Price Data

Average Year end

Electricity 5.4¢/kWh
Residual oil $3.8/HBtu 2.6/HBtu ?
Distillate oil $5.9/HBtu $3.3/HBcu ?

C. H. Guernsey and Co. Survey:

Electricity 5.0c/kWh
Residual oil $4.67/HBtu
Distillate oil = $5.56/nBtu

5. COAL PROPERTIES AND PRICES

Stoker ROM

Origin Clearfield Co., Pa. Clearfield Co., Pa.
illV, Btu/lb 13,000 12,800
X Ash 10 13
ZSu ur 2 2
X Nit ogen 1.5 1.5
Ash-softeoing 2450 2450
temperature, OF

Swelling index 8-9 8-9
Top size, in. 1 1/4 2
Bottom size, in. 3/8 0
Fines, Z 15
Grindability index 90+ 90+
Cost at mine, $/ton 40 30
Delivered cost, $/ton 57 47
Energy cost, $/106 Btu 2.19 1.84
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6. ENVIRONMENTAL REGULATIONS

No solid-fuel-burning plant smaller than 35 MBtu/h is allowed.

6.1 Air Pollution Emission Limits for New Sources

SO,. No emiision limits for boilers <100 MBtu/h; for boilers
>100 MBtu/h: FBC - 90% reduction to meet limit of 1.2 lb/
MBtu; emerging technology - 50% reduction to meet limit of
0.6 lb/HBtu.

NOx. No emission limits for boilers <100 XBtu/h; for boilers
>100 MBtu/h: spreader stoker and FBC - 0.6 lb/HBtu; pulverized
coal - 0.7 lb/MBtu.

Particulates. For boilers >100 MBtu/h: 0.05 lb/HBtu; for

60 MBtu/h - 0.25 lb/MBtu.

6.2 Coal-Pile Runoff

Limit: Total suspended solids - 50 mg/L.

6.3 Ash Disposal

Ashes are classified as nonhazardous industrial solid waste and
may be disposed of in any approved sanitary landfill.

7. OTHER CONSIDERATIONS

Andrews apparently uses a lot of electricity: 100,235 HWh in
FY 1986, an average of about 11.4 MW. Residual oil use in FY 1986
was -568,000 MBtu, an average of about 65 MBtu/h. The highest
monthly steam load is about 150 MBtu/h.

A previous study was done (Roy Weston Study) to examine connecting
the three boiler plants and building a single coal plant for $75M.
Andrews has also been the subject of a coal-oil-mixture study.

This base is within range of anthracite sources.

8. COAL-CONVERSION PROJECT OUTLOOK

Because load factors are low, only conversion of one 60-MBtu/h out-
put (-75-MBtu/h fuel input) boiler would be practical. The overall
load factor for this size of project is expected to be about 50%,
assuming a 90% equipment availability, and the two plants are inter-
connected.
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8,1 Effect of Environmental ReSulations on Selection of Combustion
Technologies

SO, and HOx . Any of the combustion technologies being consid-
ered could be employed without requiring any measures for SO2
or NOx reduction because the proposed conversion project is
smaller than 100 HBtu/h.

Particulates. Bag filters or electrostatic precipitators would
be required to comply with the particulate emission limits.

8.2 Physical Space and Aesthetics

ieating Plant. The existing boiler plant was originally de-
signed for coal. There is space available for reinstalling
coal-combustion equipment at the existing boiler or for con-
struction of a new boiler at another site on base.

Coal-1Handling Equipment. The coal-storage silo and the outside
receiving hopper and silo are still in place at plant 1515.
There is space available for installing the other coal-handling
equipment.

Coal Pile. There is space available for a coal pile near the

existing boiler plant 1515 or at a new site on base.

8.3 Technical Risk of Combustion Technologies

The least technical risk would be for refit of stoker firing to
one of the existing coal-designed boilers or installation of a
new stoker-fired boiler. The other technologies would have
greater technical risks because of lack of operating experi-
ence, and all of them would be of the same order because the
existing boilers are designed for coal-firing.

9. COGENERATION PROJECT OUTLOOK

The prospects for a coal-fired cogeneration system appear to be
somewhat marginal. Andrews has a high minimum monthly average elec-
tric load, 7.8 HWe, but the price of electricity is only moderately
high (5C/kWh). Another negative factor is the relatively low aver-
age heat load compared to the electric load, so that it is difficult
to achieve a high overall load factor for a cogeneration plant.
Based on the FY 1986 energy-use data, a cogeneracion plant with a
boiler rating of 68 HBtu/h output and a 5-MWe turbine-generator
would have an electrical power capacity factor of 90% and a peak
thermal output of 50 HBtu/h, with a thermal energy capacity factor
'of about 50% if used ae a baseload heating plant. To achieve as
high an efficiency as practical, a 1450-psia, 950°F water-tube
boiler should be employed for such a cogeneration plant.

The information provided by the base energy-use questionnaire indi-
cated that natural gas is not available at the base.
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10. INPUT AND = SUKAY SPREADSHIETS

AMMI"i; AI: I X 60 tulhr, V6X41C IFAJ UTEAS - OM ,M 3
Total &team output - 60.0 tBtu/hr

BoLler capacity factor - .50'

Number of units for refit 1

Hydrated lime price(iton) - 40.00 COAL rTI0PMfIZS

Ash disposal price ($/ton) 10.00 R.J±L Stnor

Electric price (centel/kW) 5.00 Ash fraction .130 .100

Labor rate (klyr) 35.00 Sulfur fraction " .020 .020

Limestone price ($/ton) n 20.00 HV (Mtullb) M 12800. 13000.

FUM PRICES FUEL IUCEZ

Natural $at price ($/1htu) - .00 R.O.M. coal (8/SMtu) 1.84

2 OIL. price (S/Stu) .00 Stoker coal (/S1ttu) 2.19

96 Oil price (5/SBtu) - 3.87 Coal./HO mix (3/S.tu) - 3.00

OPTIOSS Coalloil mix ($/S"tu) 3.50

Soot blower multiplier .0

Tube bank od multiplier - .0 rimaxy fueL Is 1

Bottom ash pit multiplier * 1.0 #6 FUEL OIL

SO2 control multipLier a .0 1-5 Oil., 2-#2 Oil. 3-NG

LI1STOE/LIMh

Inert fraction w .05

W "O)OMIC ? AP~t S

Inflation & discounting base year - 1986

Gn Lnfla index (1987 to base yr) - 1.040

O• Gas infla index (1988 to base yr) w 1.000
Oil Intl& index (1988 to base yr) - 1.000

Coal infla Index (1988 to base yr) - 1.000

P:oject start year - 1990

Project life (yr) 0 30

Depreciatior life (yr) - 15

General Inflation rate (2lyr) - 0

Type of gas escalation - *&as

Type of oil escalation - *all

Type or coal escalation - ecoal

Discount rate (I/yr) - 10

Rate of return on invest (Zlyr) - 17

Amount of working capital (month) - 2

Federal income tax rate (1) n 34

Local prop tax (& insur) rate (2) w 2

REAL-MCALATION RATE (l/yr)

TYPE OF FUEL 1988 1990 1995 2000 AND

FUEL EMALATIO1 -190 -1995 -2000 BEYOND

Gas egas 3.89 8.87 5.77 5.77

OiL eoil 4.86 7.87 4.16 4.16

Coal *coal 1.16 2.31 1.19 1.19

9:42 AM Oct 18. 1988

-- -- --
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NAXRC Aj:. I X 60 .tulbr. ZCOQMC PAPA D-ETFS- , ALU

Total steer, output, w 60.0 HDtulhr Cost base year - 1986
Boller capacity factor ' .504 Primary fu4l - #6 FUEL OIL

Number of units for refit 1

ANNUAL COST;
* FUEL/ UEL TOTAL HAINT OTHER

OF STE A PRICE CAPITAL FUEL 0 & M 0 & H

TECIINOLCOY UNITS EFF $1ttu kS cS k k3

Natural gas boiler .800 .09 .0 .0 .0 .0

#2 Oil fired boiler -- .800 .0 .0 .0 .0 .0

46 Oil fired boiler -- .800 3 C7 .0 1215.2 182.9 493.1

Micronized coal refit 1 .800 1.84 288Z. 609.3 393.3 653.7

Slogging burner refit 1 .800 1.84 4982.0 609.3 393.3 683.7

Hodular FBC refit 1 .790 1.84 5725.4 617.0 374.2 648.5

Stoker firing refit 1 .760 2.19 3377.7 763.3 374.2 636.8

Coasllwater slurry 1 .750 3.00 2603.5 1059.6 374.2 566.3

Coalloil slurry 1 .760 3.50 2309.9 11S8.7 296.0 536.9

Low 8tu gasifier refit 1 .079 2.19 5804.5 854.9 345.1 805.4

Packeged shell stoker 2 .760 2.19 5060.9 763.3 374.2 729.3

Packaged shell I 2 .780 1.84 6250.7 641.3 374.2 741.7

Field erected stoker 1 .800 2.19 7261.2 725.2 371.9 628.5

Field erected FBC 1 .800 1.84 7943.0 609.3 434.6 6W683

Pulverized coal boiler 1 .820 1.84 8459.5 594.4 439.1 678.0

Circulatini FBC 1 .810 1.84 9558.8 601.8 371.9 702.9

All TORC' POJECT PRIVATE rROJECT

LIFE LIFE

CYCLE CYCLE
COST, DISCOUNTED COST,

COAL DISCOUNTED BENEIT/ PAY5.CK DISCOUNTED BENEFIT/

OF USE, AS SPENT COST PERIOD, AS SPENT COST

TNHCNOLC*Y UNITS tonpvr kS RATIO Yr kS RATIO

Natural gas boiler .. 0 --

#2 OiL fired boiler .. .. 0 --

15 Oil fired boiler .. - 23.960 1.000 <--- Existing svst2. vriMerv fueL

Micronized coaL refit 1 12,935 16,762 1.431 7.5 18,640 1.287

Slggng burner refit 1 12,935 16,497 1.296 11.7 21.445 1.115

Moduler FC refit 1 13,098 18.895 1.269 12.8 22,216 1.079

Stoker firing refit 1 13,406 18,230 1.315 9.8 20,390 1.176

Coel/weter slurry 1 13,797 19,809 1.211 12.0 21,837 1.108

Coal/oLL slurry Not evalusted

Low Btu asifier refit 2 15.014 22.612 1,061 23.6 26,077 .920

Packaged shell stoker 2 13,406 20,342 1.179 15.5 23.381 1.026

Packaged shell FBC 2 13,615 20,282 1.182 16.1 23,898 1.003

Field erected stoker 1 12,736 20,998 1.142 18.4 25,126 .954

Field erected FBC 1 12,935 21,231 1.130 19.4 25,719 .932

Pulverized coal boiler 1 12,619 21,753 1.102 21.2 26,486 .905

Circulating FEC 1 12,775 22.324 11074 23.4 27,608 .869

9:42 AM Oct 18, 1986



NM9,rn A , I X IS HOt&. MI, .)L VCALATTON - -AM 1987

Total *Lea output " 100. 0 t tulhr

Boiler capacity factor - .!

Number of units for refit. "

Hydrated lime price(S/ton) a 40.00 COAL MPE'RTrlS

Ash disposal price (5/ton) " 10.00 R.O.H. S2kor

Electric price (centsat/h) 5.00 Ash fraction - .13A .100

Labor rate Wk$/yr) - 35.00 Sulfur fraction " .020 .020

Limestone price ($/ton) 20.00 )IHV (Btuilb) - 12500. 13000.

FUEL IICE FUEL PRICES

Naturl gas price (/lMtu) - .00 R.O.H. coal (31HBtu) - 1.84

#2 OlL price ($/1 tu) m .00 Stoker coal (S/Ztu) - 2.19

#5 oil price ($/MDtu) m 3.87 Coal/IH2O mix ($/tu) - 3.00

OlrIONS Coalloil mix (0/lJtu) m 3.50

Soot blower multiptier " .0

Tube bank mod multiplier w .0 Primary uel is 1

Bottom ash pit multiplier w 1.0 18 FUEL OIL

S02 controL multipLier ." .0 16 011, 242 Oil, 3-0

LDISTVNE/LIHZ

Inert fraction - .05

ZCOIWC PARAMETS

Inflation & discounting base year , 1988

Gen infla index (1987 to base yr) - 1.040

Gas Infla index (1988 to bass yr) 1.000

oil Infl index (1o8 to base y.) - 1.000

Coal infla index (1988 to bas yr) * 1.000

Project start year A 1990

Project life (Cyr) - 30

Depreciation life (yr) - 15

General inflation rate (Z/yr) f 0

Type of gas escalation - *gas

Type of oil escalation * soil

Type of coal escalation ecoal.

Discount rate (Z/yr) - 10

Rate of return on Invest (Ilyr) , 17

Amount of working capital (month) - 2

Federal income tax rate (M) , 34

Local prop tax (& insur) rat* () 2

REAL ESCALATION RATE (21vr)

TYPI OF FUEL 1988 lgo 195 2000 AND
FUEL F-SCALATT TO1 -1090 -1095 -2000 MEYOND

Gas geas 2.28 4.70 5.49 2.75

Ol0 soil 17 4.16 5.55 Z.77

Coal ecoal 1.46 1.76 1.61 .81

4:03 FH Oct 13, 1968
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AP .W AM, 1 X 60 tulbr. FUEL AL LWALATION A M 1967,

Total &teamoutput - 60.0 H~tulhr Cost base year " 1986

Boiler capacity factor - .504 Primary fueL- #6 FUEL OfL

Number of units for refit - I

AXXVAL MTS

4 FUEL/ FUEL TOTAL FAINT OTHER

OF STEAM rkICE CAPITAL FUEL O& O & M

TEMINOLOY UWITS ETF 5Imltm kc k3 k
Natural Sa boiler -- .800 .00 .0 .0 .0 .0

#2 Oil fired boiler -- .800 .00 .0 .0 .0 .0

#8 Oil fired boiler - .00 3.67 .0 1205.2 162.9 493.1
Micronized coal refit 1 .600 1.64 2662.7 609.3 393.3 663.7

Slagging burner refit 1 .8CO l.fA 4962.0 609.3 393.3 663.7

Modular FBC refit 1 .790 1.84 5725.4 617.0 374.2 648.5

Stoker ftring refit 1 .760 2.19 3377.7 763.3 374.2 635.6

Coaliwater slurry 1 .750 3.00 7603.5 1059.6 374.2 586.3

Coalloll slurry 1 .760 3.50 2309.9 118,7 20.0 535.9

Low Bt u ± L gLt|r it 2 .679 2.19 5604.5 a;4.9 345.1 8o,&

Packaged shall stoker 2 .760 2.19 5060.9 753.3 374.2 729.3

Packaged shll FIC 2 .760 1.84 6250.7 641.3 374.2 741.7

Field erected stoker 1 .600 2.19 7261.2 725.2 371.9 626.5

Field erected FEC 1 .800 1.84 705.0 609.3 434.6 646.3

Pulverized coal boiler 1 .620 1.64 F459.3 594.4 439.1 676.0

Cir¢"lti -ti P 1 .510 1.04 9558.8 601.8 371.9 702.9

AIR FORCPROJECT P PRIVATE PROJECT

LIFE LIFE

CYCLE CYCLE
CO , DISCOUNTED COST.

COAL DISCOUNTED BENEFIT/ PAYBAC) DISCOUNTED BENEFIT/

0 OF USE, AS SPEST COST PERIOG, AS SPENT COST

TEC!NOmimY UNITS ton/yr k$ RATIO yr ItS RATIO

Natural gas boiler .. .. 0 --

#2 Oil fired boiler .. .. 0 --

J6 011 11red boiler- 0,75 -- J , 000 c--- Xilt~i a systo,. primary iuL

Hicronized coal refit 1 12,935 16.655 1.185 12.1 18,540 1.066

Sleg3ing burner refit 1 12,935 18.400 1.g74 20.4 21,34U .025

Modular FrC refit 1 13,098 18,796 1.051 22.0 22,115 .893

Stokor firing refit 1 13,406 18.109 1.091 17.8 20,260 .1D75

Coallwater slurry 1 13,797 19,641 1.006 29.3 21,464 .920

Coal/oil slurry Not evaluated

L~ow Bt~u gasifier refit 2 15.01£ -22.476 .670 :,3 !Z5,038 -- _ 2..

Packaged shell stoker 2 13,406 20,221 .977 031 23,256 .849

Packaged shell FBC 2 13,615 20,180 .979 z31 23,794 .630

Field erected stoker 1 12,736 20,882 .946 >31 25,007 .790

Field erected FBC 1 12,935 21,134 .935 >31 25,620 .771

Pulverized coal boiler 1 12,619 21,659 .912 >31 26,389 .749

Circulating FBC 1 12,775 22,228 ,889 >31 27.509 .718

4:03 P 1 Oct 18, 1986
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AAMnflI AM~ I % 60 MIt'hr. TIL RAL ESCALATION - ZRO
Tota.I steam output, " 60.0 Mtuihr

toller Capacity factor o .504

$-.br of units for refit - I
llydrat*4 lime p:Ice(S/ton) % 40.00 COA.L 1OtTIZS
Ash disposal price (3lton) *1 10.00 L2J& s
Electric price (cents/kWh) w 5.00 Ash traction - .130 .100

Labor rat.: qXbi";,) 44 35.00 Sulfur fraction - .020 .020

Limestone price ($1ton) % 20.00 RHY (ltu/lb) 12800. 13000.
iM PRIMS FM PRICES

lature.l gas price ($1MtU) " .00 X.O.M. coal (S/Mtu) - 1.84
#2 OIL price (S/lmtu) - .00 Stoker coal (Slqtu) 2.19
#f Oil price (S/latu) - 3.67 CoWl/120 mix (S/31tMu) - 3.00

OMTIOIS Coalloil six (31Ltu) 3.50
Soot blower oltiplier - .0

Tube bank mod multiplier a .0 PrIuAy tueL Is 1
Bottom ash pit multiplier w 1.0 E'3 FUEL OIL

S02 cont.rol multiplier - .0 1-6 OIL, 2-#2 Oil, 3-NG

LIf.STOOM/L11M
Inert fraction - .05

)ZOcKtIC rARAMTS
Inflation & discountins base year - 1088

Ge Infle index (1987 to bast y) 1.040

Gas Intl& ir'ex (1988 to bae yr) - 1.000

OIL Intl* index (1988 to base yr) - 1.000

Coal Intla index (1958 to base yr) - 1.000

Project start year - 1090

Project life (yr) - 30

Depreciation life (yr) N 15

General Inflation rate (M/yr) - 0

Typwi of gas escalation n zero

Type of oil escalation - zero

Type ot coal escalation - zero

Discount rate (lyr) - 10

Rate of return on Invest (Zlyr) - 17

Amount of working capital (month) - 2

Fedoarl Incoc tax rate (1) a 34
Local prop tftx (& Insur) rate (2) - 2

REAL EMCALATIONO RATE (I!yr)

TYPE OF FUEL 18 1990 1995 2000 AND

FUEL ESCALATI14- -1990 -1995 -2000 BEYOND

Gas zero 0 0 0 0

Oil zero 0 0 0 0

Coal zero 0 0 0 0

1:37 PH Oct 19, 1988
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AKTXF3 An1 I X 60 IHtlhr. KUM WA.L MMALATIOS " 7- O

Total &tom output - 50.0 utulhr Coat bao year a 1g05
Boiler capacity thaor .504 PFriary fuel * 6 FUEL OIL

Hm=ber oC unita for refit I

A"-VAL CMTS

# FUELI FUEL TOTAL KAINT OTHa

OF STEA4 PRICE CAPITAL FUEL O & O& &
TEMClIILOGY UNITS EFF 3IL'tu k3S k3 3 t

Natural gas boiler -- .800 .00 .0 .0 .0 .0
*2 oil fired boiler -- .500 .00 .0 .0 .0 .0

#6 oil fired boiler " .602 3,67 .0 1215.2 162.0 491.1

iLcronized coal refit 1 .800 1.54 2562.7 509.3 393.3 653.7

Slogging burner refit 1 .800 1.84 4082.0 609.3 303.3 663.7

Hodular TC refit 1 .790 1.84 5725.4 617.0 374.2 64.5

Stoker firing refit 1 .760 2.19 3377.7 763.3 374.2 536.6

Coallwater slurry 1 .750 3.00 2603.5 1059.6 374.2 566.3

Coal/oil slurry 1 .780 3.50 2309.9 1166.7 296.0 536.9

Low Itu aasifier refit 2 .679 2.19 5801.5 541.9 345.1 665.4

Packaged shell stoker 2 .760 2.19 5060.9 763.3 374.2 729.3

Packaged shell FC 2 .760 1.64 6250.7 641.3 374.2 741.7

Field erected stoker 1 .800 2.19 7251.2 725.2 371.9 628.5

Field erected FBC 1 .800 1.14 708.0 609.3 434.6 648.3

Pulverized coal boiler 1 .820 1.84 8450.5 594.4 439.1 676.0

Circulatinx TDC 1 .610 1.64 9556.8 601.6 371.9 702.9

AIR FORCE jECT FRIVATE PROJECT

LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST,

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNKTED BENEFIT/

* OF USE. AS SPENT COST PERIOD, AS SPENT COST

TEORPIOLOGY UNITS tonlr WS RATIO vr kS RATIO

Natural gas boiler .. .. 0 --

#2 oil fired boiler .. .. 0 --

*6 Oil fired boilor -. - . 1,944 1.000 c--- Existing system. Primary %LL

Licronized coal refit 1 12,935 15,817 .945 ;31 17,667 .846

Slogging burner refit 1 12,935 17.552 .851 ;31 20.473 .730

Modular FC refit 1 13,098 17.037 .833 131 21,231 .704

Stoker firing refit 1 23,406 17.046 .877 ;31 19,172 .779

CoaL/water slurry 1 13.797 16,165 823 >31 19.946 .749

Coalloll slurry Hot evaluated

L- 1tu assiflor refit 2 15.014 21.285 .702 b3l 24.713 .605

Packaged shell stoker 2 13,406 19,157 .780 >31 22.163 .674

Packaged shell FBC 2 13,615 19,287 .775 >31 22,875 .653

Field erected stoker 1 12,736 19.672 .752 >31 23,969 .623

Field erected FW 1 12,935 20,285 .737 >31 24,747 .604

Pulverized coal "1sr 1 12,619 20,831 .717 :31 25,538 .585

Circulating FEC 1 12,775 21,390 .6&9 >31 26.648 .5651

4:11 I Oct 18. 1988
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DOVER AFB: MAC

1. BACKGROUND

Dover AFB is located near Dover, Delaware. The four central heating
plant boilers are high-temperature, hot-water (414*F, 275-psi)
units. All boilers burn No. 6 oil. The three Combustion Engineer-
ing units were designed for coal. In CY 1985 average fuel use was
about 46 MBtu/h, and the January 1985 average fuel use was 88
MBtu/h. In FY 1986, average fuel input was about 44 MBtu/h. Boiler
efficiency at peak load is about 77%.

2. HEATING PLANT UNITS

Heating Plant No. 617:

3 x 50 MBtu/h, Combustion Engineering, 1953
1 x 50 MBtu/h, International Lamont, 1972

3. IDEAL CAPACITY FACTOR ANALYSIS

The ideal capacity factors listed below were calculated from monthly
fuel-use data for plant No. 617.

CY 1985 FY 1986
Fuel ideal ideal
input capacity capacity
(HBtu/h) factor factor

20 1.00 1.00
30 0.94 0.90
40 0.84 0.80
50 0.76 0.73
60 0.69 0.67
70 0.63 0.61
80 0.57 0.55

4. ENERGY PRICES

FY 1986 Price Data:

Electricity $16.5/HBtu = 5.6c/kWh
Distillate = $5.87/HBtu
Residual = $5.00/HBtu

C. H. Guernsey and Co. Survey:

Electricity = 6.6c/kWh
Residual = $4.67/MBtu
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5. COAL PROPERTIES AND PRICES

Stoker RON

Origin Clearfield Co., Pa. Clearfield Co., Pa.
11IV, fBtu/Ib 13,000 12,800
Z Ash 10 13
Z Sulfur 2 2
X Nitrogen 1.5 1.5
Ash-softening 2450 2450
Lemperature, OF

Swelling index 8-9 8-9
Top size, in. 1 1/4 2
Bottom size, in. 3/8 0
Fines, X 15
Grindability index 90+ 90+
Cost at mine, $/ton 40 30
Delivered cost, $/ton 57 47
Energy cost, $/10 Btu 2.19 1.84

6. ENVIRONMENTAL REGULATIONS

6.1 Air Pollution Emission Limits for New Sources

S0 . No e;nission limits for boilers <100 HBtu/h; 1.2 lb/HBtu

and 90Z reduction for >100 HBtu/h.

NOx . No emission limits for boilers <100 HBtu/h; 0.6 lb/HBtu

for >100 MBtu/h.

Particulates. 0.3 lb/MBtu for boilers 1-100 HBtuih; 0.05
lb/MBtu for >100 HBtu/h.

6.2 Coal-Pile Runoff

Limit: Total suspended solids - 50 mg/L.

6.3 Ash Disposal

Ashes are classified as "Solid Waste Refuse" and may be dis-
posed of in any approved sanitary landfill. Disposal cost is
450/ton.

7. OTHER CONSIDERATIONS

Dover is the current site for a coal-oil-water-mixture demonstration
project. Fuel will be supplied by Coaliquid Inc. About $4 million
was spent to altet one boiler and to add peripheral equipment. The
altered boiler may be quite ideal for a micronized coal burner
system or some other coal technology.
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8. COAL-CONVERSION PROJECT OUTLOOK

This is a candidate for conversion of one unit, based on the load
data. Also note that one boiler has been reworked for coal-oil-
water-mixture firing and may be cheaply converted to some type of
100% coal firing.

If one 50-HBtu/h output (-65-HBtu/h fuel input) unit was converted
to coal, the maximum capacity factor would be about 65Z. Assuming a
90% equipment availability, an overall capacity factor of about 58%
is obtained.

8.1 Effect of Environmental Regulations on Selection of Combustion
Technologies

SO, and NOx . Any of the combustion technologies being consid-
ered could be employed without requiring any measures for SO2
or NOx reduction because the proposed conversion project is
smaller than 100 HBtu/h.

ParticulaLes. Bag filters or electrostatic precipitators would
be required to comply with the particulate emission limits.

8.2 Physical Space and Aesthetics

Heating Plant. The existing boiler plant was originally
designed for coal. There is space available for reinstalling
coal combustion equipment at the existing boiler or for con-
struction of a new boiler at another site on base.

Coal-Handling Equipment. There is space available for install-
ing coal-handling equipment at the existing boiler.

Coal Pile. There is space available for a coal pile at the

existing boiler plant or at a new site on base.

8.3 Technical Risk of Combustion Technologies

The least technical risk would be for refit of stoker firing to
the existing boiler, since it was originally designed for this,
or installation of a new stoker-fired boiler. 'rhe other tech-
nologies would have greater technical risks because of lack of
operating experience, and all of them would be of the same
order because the existing boiler is designed for coal-firing.

9. COGENERATION PROJECT OUTLOOK

The prospects look interesting for a coal-fired cogeneration system.
The minimum monthly average electric load is about 4.7 MWe, and the
price of electricity is high (6.60/kWh). Based on the FY 1986
energy-use data, a cogeneration plant with a boiler rating of
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68-MBtu/h output and a 5-HWe turbine-generator would have an elec-
trical power capacity factor of about 90% and a peak thermal output
of 50 MBtu/h, with a thermal energy capacity factor of about 70% if
used as a baseload heating plant. A cogeneration plant of this
capacity should be near the optimum size for base needs. A water-
tube boiler with a steam rating of 1450 psia and 950"F would be the
most suitable type of boiler for a high-efficiency cogeneration
system.

The information provided by the base energy-use questionnaire indi-
cated that natural gas was not available at the base, and therefore
a gas-fired cogeneration system is not an available option.
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10. INPUT AD LCC SMMARY SPREADSHEETS

DOl AFB! . I X 50 tulhr. ECOIKMIC ?AJC=-IS PI ,XAL VALUES

Total steam output - 50.0 tu/hr

Boller capacity factor - .583

Number of units for refit - I

Hydrated lime price($1ton) - 40.00 COAL ROMTIIS

Ash disposal price (Slton)a 10.00 ROH. Stokor

Electric price (centsIkMI) - 6.60 Ash fraction - .130 .100

Labor rate (k$Syr) a 35.00 Sulfur fraction - .020 .020

Limestone price (S/ton) w 20.00 MEN (Btullb) - 12800. 13000.

rUn. ICzS FUEL PRICES

Natural gas price (3/Mbtu) w .00 R.O.H. coal (S/MBtu) - 1.6%

*2 Oil price (S1 tu) - .00 Stoker coal (SjHBtu) - 2.19

#5 Oil price ($/M tu) - 3.67 CoalIHI2O mix ($1MBtu) - 3.00

OPTIONS Coaloil mix (51MBtu) - 3.50

Soot blower multiplier - .0

Tube bank mod multiplier a .0 Primary 'Zuol is I

Bottom ash pit multiplier - 1.0 #6 FUEL OIL

S02 control multiplier - .0 1-0 Oil, 2-#2 Oil, 3-NO

LIMETOIE/LIM

Inert fraction w .05

ECOGIC PARA&VTRS

Inflation & discounting base year - 1988

Gen Infla index (1957 to base yr) - 1.040

Gas infla index (1988 to base yr) - 1.000

Oil infla index (1985 to base yr) - 1.000

Coal Lnfla index (1988 tc base yr) - 1.000

Project start year - 1990

Project life (yr) - 30

Depreciation life (yr) - 15

General inflation rate (2/yr) - 0

Type of gas escalation - eaga

Type of oil escalation u @oil

Type of coal escalation - ecoal

Discount rate (2/yr) w 10

Rate of return on invest (Zlyr) - 17

Amount of working capital (month) - 2

Federal income tax rate (2) - 34

Local prop tax (& insur) rate (Z) - 2

REAL ESCALATIO RATE (yvr)

TYPE OF FUEL 1988 1990 1995 2000 AND

FUEL ESCALATION -1990 -1995 -2000 BEYOND

Gas @gas 3.89 8.87 5.77 5.77

Oil soil 4.86 7.87 4.16 4.16

Coal ecosl 1.16 2.31 1.19 1.19

1:14 PH Oct 19, 1988
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DOM An, I X "O ltlhr. -=OISOIIC 1'AMEMT1. - NTItAL VY

Total steam output 50.0 M~tu/hr Cost, base year - 103

Boiler capecity factor m .583 Primary fuel " 1 INIL OIL

Number of units for refit w 1

ANNUAL COTS ,.

# FUEL/ FUEL TOTAL M 1A
OF STEMa PRICE C.PTA. FUEL 0 & 1; I t fl

TECHNOIXM UNITS EFF S/M~tu ks Ics ks kl

Natural gal boiler -- .800 .00 .0 .0 .0 .0

12 OiL fired boiler -- .800 .00 .0 .0 .0 .0

f6 Oil fIr#d boiler -- .600 3.67 .0 1171.4 165.4 484.6

Micronized coal refit 2 .800 1.84 2516.3 587.3 358.2 552.0

Slegging burner refit 1 .800 1.84 4504.8 587.3 368.2 602.0

Modular FEC refit 1 .790 1.84 5173.9 594.7 350.4 642.6

Stoker firing re~t 1 .760 2.19 3070.2 735.8 350.4 828.9

Coal/water slurry 1 .750 3.00 2353.1 1021.4 350.4 560.6

Coal/oil slurry 1 .780 3.50 2081.4 1145.8 279.0 532.2

Low Btu tasifler refit 1 .579 2.19 4206.8 824.1 323.2 788.3

Packaged shell stoker 1 .750 2.19 3582.7 735.8 350.4 628.9

Packaged shell FBC 1 .760 1.84 4587.0 618.2 350.4 643.3

Field erected stoker 1 .800 2.19 6497.4 699.0 348.3 619.2

Field erected FBC 1 .800 1.84 7133.3 587.3 407.0 642.4
Pulverized coal boiler 1 .820 1.84 7562.3 573.0 411.2 669.7

Circulating FEC 1 .810 1.84 86473.6 5680.1 348.3 701.4

AIR FORCE PROJECT PRIVATE PROJECT .

LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST,

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/

OF USE, AS SPENT COST PERIOD, AS SPENT COST

TECHNOLOGY UNITS ton/yr kS RATIO yr k$ RATIO

Natural gas boiler .. .. 0 --

#2 Oil fired boiler .. .. 0

06 Oil fired boiler -- -- 23,091 1.000 c--- Existing system, primary fuel

Micronized coal refit 1 12,468 16,099 1.434 7.3 17,829 1.295

Slagging burner refit 1 12,468 17,660 1.308 11.2 20,352 1.135

Modular FBC refit 1 12,626 17,972 1.285 12.2 20.999 1.100

Stoker firing refit 1 12,923 17,445 1.324 9.4 19,433 1.188

Coal/water slurry 1 13,300 18,989 1.216 11.6 20,672 1.11?

Coal/oil slurry ot evaluated

Low Btu assifier refit 1 14,473 - 20.207 1,143 16.9 22,827 1,012

Packaged shell stoker 1 12,923 17,868 1.292 10.7 20,118 1.148

Packaged shell FBC 1 13,125 17,712 1.304 11.3 20,446 1.129

Field erected stoker 1 12,277 19,839 1.164 17.1 23,563 .980

Field erected FBC 1 12,468 20,026 1.153 18.0 24,065 .960

Pulverized coal boiler 1 12,164 20,497 1.127 19.5 24,758 .933

Circulatinx FBC 1 12,315 21,001 1.100 21.5 25,719 .898

1:14 PH Oct 19, 1988
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DQVU AM I X 502g .tulhr. Ul. .UAL ESCALATION - AM 1967

Total sLOOM output 5"0.0 tFtulhr

Boiler capacity factor m .583

Number of units for refit * 1

Hydrated lime price(/ton) - 40.00 COAL lMflTr IXS

Ash disposal price (Ston) 10.00 . Sthir

Electric price (cents/kWh) 6.60 Ash fraction - .130 .100

Labor rate (kjyr) - 35.00 Sulfur fraction " .020 .020

Limestone price (Ston) 20.00 HIM (Btullb) 12500. 13000.

FUEL ICES m lUCzS

Natural gas price (S/1ltu) - .00 R.O.. coal ($/Mtu) - 1.854

#2 Oil price ($1Mftu) .00 Stoker coal ($/Mtu) 2.19

#6 Oil price (S/Mtu) w 3.67 Coal/H20 mix (0/M tu) - 3.00

OPTIONS Coalloil mix (S/Mtu) 3.50

Soot bloer multiplier - .0

Tube bank mod multiplier m .0 Primary fuel ii 1

Bottcm ash pit multiplier - 1.0 #5 FUEL OIL

502 controL multiplier w .0 1-0 Oil, 2-#2 Oil, 3-NO

LIWMSTOIK/LI

Inert fraction - .05

ECOWHIC PARAMTERS
Inflation & discounting base year - 1988

Con infla Index (1987 to base yr) - 1.040

Gas Infl& index (1988 to base yr) - 1.000

Oil infl& Index (1988 to base yr) w 1.000

Coal Inftl index (1988 to base yr) - 1.000

Project start year - 1990

Project life (yr) - 30

Depreciation life (yr) - 15

General inflation rate (Xlyr) - 0

Type of gas escalation - egas

Type of oil escalation - toil

Type of coal escalation -scoal

Discount rate (1/yr) - 10

Rate of return on invest (/yr) - 17

Amount of working capital (month) a 2

Federal incote tax rate (1) - 34

Local prop tax (& in~ur) rate (1) - 2

REAL ESCALATION KATE (Myr)

TYPE OF FUEL 1988 1990 1995 2000 AND

FUEL ESCALATION -1990 -1g95 -2000 BEYOND

Gas @as 2.28 4.70 5.49 2.75

O OiL *oil .17 4.16 5.55 2.77

Coal scoal 1.46 1.76 1.61 .81

1:22 PH Oct 19, 1988
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DQ e I": I X S0 OItufhr. I= REAL ESCAATIC - AZO le?

Total &team output - 50.0 Ml3tujhr Coat base year 1988

oler ctpacity factor - .553 Primary fuel 8 JEL OIL
Number of units for refit, 1

ANIMA COSTS
I FUELI FUEL TOTAL AINT OTlER

OF STF4 PRICE CAPITAL FUEL 0 & H 0 & I

TECHNLCO;Y INITS EFF 8/Vttu k6 ks U k3
Natural &at boiler -- .800 .00 .0 .0 .0 .0

#2 Oil fired boiler -- .800 .00 .0 .0 .0 .0

#5 Ol fired boiler -- .000 2.67 .0 1171.4 1§5.4 484.8

Micronized coal refit 1 .800 1.64 2616.3 587.3 385.2 652.0
$legging burner refit 1 .800 1.84 4504.8 587.3 368.2 652.0

Modular FEC refit 1 .790 1.64 5:73.9 594.7 350.4 642.6

Stoker firing refit 1 .760 2.19 3070.2 735.8 350.4 628.9
Coollwater slurry 1 .750 3.00 2353.1 1021.4 350.4 580.8

Coalloil slurry 1 .780 3.50 2081.4 1145.8 270.0 532.2

Low Btu easi ier refit. 1 .679 2.19 4208.8 824.1 323.2 708.3

Packaged shell atoker 1 .760 2.19 3582.7 735.8 350.4 628.9

Packaged shA~l FBC 1 .760 1.84 457.0 618.2 350.4 643.3

Field erected stoker 1 .800 2.19 6497.4 699.0 348.3 619.2

Field erected FDC 1 .800 1.84 7133.3 587.3 407.0 642.4
Pulverized coal boiler 1 .520 1.84 7562.3 573.0 411.2 669.7

Circulating FBC 1 .810 1.84 8473.6 580.1 348.3 701.4

AIR FORCE PRO=C PRIVATE PROJECT

LIFE LIFE
CYCLE CYCLE
COST, DISCOUNTED COST,

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/

I OF USE, AS SPENT COST PERIOD, AS SPENT COST

TECHNOLOGY UNITS tonlyr kS RATIO yr kS RATIO

Natural gas boiler .. .. 0 --

#2 Oil fired boiler .. .. 0 --

#6 Oil fired boiler -. . 19,019 1.000 --- Existing system. rimery fuel

Hicronized coal refit 1 12,468 16,006 1.188 11.8 17,733 1.073

Slagging burner refit 1 12,468 17,567 1.083 19.4 20.255 .939
Modular FBC refit 1 12,626 17,878 1.064 21.5 20,902 .910

Stoker firing refit 1 12,923 17,328 1.098 17.1 19,313 .985

Coal/water slurry 1 13,300 18,826 1.010 28.2 20,505 .928
Coal/oil slurry Not evaluated

Low tu Resiflor refit 1 14.473 20,076 *947 >31 22.692 .838
Packaged shell stoker 1 12,923 17,751 1.071 19.7 19,998 .951
Packaged shell FBC 1 13,125 17.614 1.080 19.7 20,345 .935

Field erectid stoker 1 12,277 19,728 .964 :31 23,449 .811

Field erected FBC 1 12,468 19,933 .954 >31 23,969 .793

Pulverized coal boiler 1 12,164 20,406 .932 '31 24,564 .771

Circulating FBC 1 12315 20,900 -910 >31 25,624 .742

1:22 PM Oct 19, 1988
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DOMIR AT- 1 X 50 Httulhr. TUXL UAL EXCALATIOP -E-

Total *team output - 50.0 Mtulhr

Boller capacity factor - .553

Nuber of units for refit - I

Hydrated Iime price(Slton) - 40.00 COAL tOMIMU

Ash disposal price ($/ton) - 10.00 L.O.M StoksX

Electric price (cents/kh) - 6.80 Ash fraction - .130 .100

Labor rate (k$1yr) - 35.00 Sulfur Itrction - .020 .020

Limestone price (S/ton) - 20.00 ENV (Btullb) - 12800. 13000.

FM W FUTL JUIC

Xatural gas price (S/Mtu) - .00 R.O.H. coal ($13tu) - 1.84

#2 Oil price (83/Mtu) a .00 Stoker coal ($1ttu) - 2.19

#6 Oil price ($1t tu) - 3.67 CoALIH20 mix (51tu) - 3.00

OPIONS Coalloil mix ($015tu) - 3.50

Soot blower multiplier w .0

Tube bank mod multiplier - .0 Primary fuel Is 1

Bottom ash pit multiplier - 1.0 08 FUEL OIL

S02 control multiplier - .0 1-#6 Oil, 2-#2 O11, 3-NO
LDN£S1IE/tLDE

Inert fraction a .05

COPOsIC PARAMTERS

Inflation & discounting base year - 1988

Gen infl& index (1967 to base yr) - 1.040

Gas Infla index (1986 to base yr) - 1.000

Oil Infla index (1988 to base yr) - 1.000

Coal infla index (1988 to base yr) - 1.000

Project start year - 1990

Project Life Cyr) - 30

Depreciation life Cyr) - 15

General inflation rate (/yr) - 0

Type of gas escalation - zero

Type of oil escalation - zero

Type of coal escalation - zero

Discount rate (Z/yr) - 10

Rate of roturn on invest (/yr) w 17

Amount of aorking capital (month) - 2

Federal income tax rate (Z) - 34

Local prop tax (& insur) rate (Z) - 2

- REAL ESCALATION RATE (1/yr)

TYPE OF FUEL 1988 1990 1995 2000 AND

FUEL ESCALATION -1990 -1995 -2000 BEYOND

Gas zero 0 0 0 0
Oil zero 0 0 0 0
Coal zero 0 0 0 0

1:29 PM Oct 19, 1988
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DO AM: I X 50 Wtulhr. rU1L rTAL EZSCALATTO -

Total steam output - 50.0 M~tulhr Cost bae year % 1988

Boiler capacity factor - .583 ftimary fuel - #6 FUEL OIL

Ku=ber ot units for refit - I

A)' _1_ t COSTS

FUEL/ FUEL TOTAL PAINT OTHER

OF STEMi MICE CAPITAL FUEL 0&H 0&M

TmmmmOG UNITS- EFF 31lttt WS S Iks

Natural gas boiler -- .800 .00 .0 .0 .0 .0

#2 Oil fired boiler -- .800 .00 .0 .0 .0 .0

#8 Oil fired Lim.lr - .000 3.87 .0 1171.4 IS.4 Ani.6 .

Hicronized coal refit 1 .800 1.84 2616.3 387.3 368.2 662.0

Sloggins burner :*fit 1 .800 1.84 4504.8 587.3 368.2 602.0

Modular FBC refit 1 .790 1.84 5173.9 594.7 350.4 642.6

Stoker firing refit 1 .760 2.19 3070.2 735.8 350.4 628.9

Coallwater alurry 1 .750 3.00 2353.1 1021.4 350.4 560.6

Coalloil alurry 1 .780 3.50 2081.4 1145.8 279.0 532.2

Low Btu gasitler refit 1 .679 2.19 4206.8 824.1 323.2 788.3

Packaed shell stoker 1 .760 2.19 3582.7 735.8 350.4 628.9

Packaged shell FlC 1 .760 1.84 4587.0 618.2 350.4 643.3

Field erected stoker 1 .800 2.19 6497.4 699.0 348.3 610.2

Field erected FBC 1 .800 1.84 7133.3 587.3 407.0 642.4

Pulverized coal boiler 1 .820 1.84 7562.3 573.0 411.2 6069.7

Circulating FIC 1 .810 1.8 8473.6 500.1 348.3 701.4

AIR rORCE PROJECT PRIVATE | 03T

LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST,

COAL DISCOUNTED BENEFIT/ PAYBACX DISCOUNTED VEtEFIT/

# OF USE, AS SPENT COST PERIOD, AS SPENT COST

TECHNOLOGY UNITS tonpyr k$ RATIO yr k$ RATIO

Natural gs boiler .. .. 0 --

#2 Oil fired boiler .. .. 0 --

f6 Oil fired boiler - 14,381 1,000 <--- ExIstin system, prmory fool

Micronized coal refit 1 12.468 15,186 .047 >31 16,891 .851

Slogging burner refit 1 12,468 16,749 .859 >31 19,415 .741

Modular FBC refit 1 12,626 17,050 .843 >31 20,050 .717

Stoker firing refit 1 12,923 16,303 .882 >31 18,259 .788

Coal/water slurry 1 13,300 17,404 .826 >31 19,042 .755

Coal/oil slurry Not evaluated

Low Btu- asifier refit 1 14,473 18,929 .760 >31 21,512 .66S

Packaged shell stoker 1 12,923 16,727 .860 >31 18,944 .759

Packaged shell FBC 1 13,125 16,753 .858 >31 19,459 .739

Field erected stoker 1 12,277 18,754 .767 >31 22,447 .641

Field erected FBC 1 12,468 19,115 .752 >31 23,128 .622

Pulverized coal boiler 1 12,164 19,608 .733 >31 23,844 .603

Circulatinx FBC 1 12,315 20.101 .715 >31 24,794 .580

1:29 PH Oct 19, 1988
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McGUIRE AFB: KAC

1. BACKGROUND

McCuire AFE is located near Trenton, New Jersey. The main boiler
plant at HcGuire u:cd coal until 1970 ahen .%! boilerr were switched
to natural gas and distillate Oil (backup fuel). AIl boilers are
water-tube, high-temperature, hot-water units and have Cleaver
Brooks electrostatic precipitaLors. Boiler efEiciencies are re-
ported as 74-70%. Fuel use is about 500,000 HBtu/year, for a yearly
average of -57 MBtu/h. Earlier data indicate that fuel use was
previously much higher. Probably no coal-handling equipment, is
repairable.

2. HEATING PLANT UNITS

Heating Plant No. 2101:

4 x 50 HBtu/h, Combustion Engineering, 1953
2 x 31.2 XBtu/h, Erie City, 1960

3. IDEAL CAPACITY FACTOR ANALYSIS

The ideal capacity factors listed below were calculated from monthly
fuel-use data for plant No. 2101.

CY 1985 FY 1986
Fuel ideal ideal
input capacity capacity

(HBtu/h) factor factor

30 0.93 0.92
40 0.82 0.82
50 0.76 0.76
60 0.71 0.71
70 0.67 0.66
80 0.63 0.62

4. ENERGY PRICES

FY 1986 Price Data:

Average Year end

Electricity 7.00/kWh Same
Distillate $6.85/MBtu Same
Natural gas $3.85/MBtu $2.70/MBtu

C. H. Guernsey and Co. Sarvey:

Electricity = 7.8C/kWh
Distillate = $5.56/HBtu
Natural gas = $5.40/MBtu (this is apparently a mistake)
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An inquiry into the &As price vevealed that the price fluctuates and
the gas supply is interruptible. The gas supply is only r.4raly
interrupted, and a cost of about 14.00/MBtu would be represeitive.

5. COAL PROPERTIES AND PRICES

Stoker ROM

Origin Clearfield Co., Pa. Clearfield Co., Pa.,
HVy, Btu/lb 13,000 12,800
XAsh 10 13
X sulfur 2 2
% Nitrogen 1.5 1.5
Ash-softetdng 2450 2450
temperature, 'F

Swelling index 8-9 8-9
Top size, in. 1 1/4 2
Bottom size, in. 3/8 0
Finest % 15
Grindability index 90+ 90+
Cost at mine, S/ton 40 30
Delivered cost, S/ton 58.50 48.50
Energy cost, $/106 Btu 2.25 1.89

6. ENVIRONMENTAL REGULATIONS

6.1 Air Pollution Emission Limits for New Sources

SO.- For boilers >250 MBtu/h: 0.6 lb/MBtu and 70% reduction;
for boilers >1 and <250 HBtu/h: 0.3 lb/MBtu.

NX. No emission limits for boilers <100 MBtu/h; for boilers
>100 HBtu/h: spreader stoker and FBC - 0.6 lb/HBtu; pulverized
coal - 0.7 lb/HBtu.

Particulates. 0.03 lb/HBtu (state-of-the-art technology re-
quired).

6.2 Coal-Pile Runoff

Limit: Total suspended solids - 50 mg/L.

6.3 Ash Disposal

Ashes are classified as nonhazardous solid waste and may be
disposed of in any approved sanitary landfill.

7. OTHER CONSIDERATIONS

Electric use in FY 1986 was 55,000 MWh, an average of 6.3 MW.

----------------------------.-- ----
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8. COAL-CONVERSION PROJECT OUTLOOK

A conversion project using coal to generate 50 HBtulh of steam
(-65 HBtu/h fuel input) may be feasible. Assuming 90X equipment
availability, an overall capacity factor of about 62% could be
expected. The price of natural gas is very important to the econom-
ics of such a project; the discrepancy in price must be investigated
further.

8.1 Effect of Environmental Regulations on Selection of Combustion
Technologies

SO,. The strict SO2 emission limit will require 90% or greater
SO2 reduction while burning 2% sulfur coal, which will necessi-
tate the use of a flue gas scrubber with stoker firing, lime-
stone addition with micronized coal or FBC, or the use of deep-
cleaned coal-water-mixture fuel.

NOX. No special measures will be required for NOx reduction
because the proposed conversion project is smaller than
100 HBtu/h.

Particulates. Bag filters or electrostatic precipitators will
be required to comply with the strict particulate emission
limits except for the case of using a wet scrubber for SO2 con-
trol. Electrostatic precipitators are still in place and may
be reusable.

8.2 Physical Space and Aesthetics

Heating Plant. The existing boiler plant was originally
designed for coal. There is space available for reinstalling
coal-combustion equipment at the existing boiler or for con-
struction of a new boiler at another site on base.

Coal-Handling Equipment. Host of the auxiliary equipment is
still in place, but some of it is in very bad condition and
cannot be used.

Coal Pile. There is space available for a coal pile at the
existing boiler plant or at a new site on base.

8.3 Technical Risk of Combustion Technologies

Because of the need for strict SO2 control, the technical risk
is about equal for all the coal-combustion technologies. Refit
of stoker firing would be the lowest risk for the combustion
process, but the need for a flue gas scrubber increases the
overall risk for that option.
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9. COGENERATION PROJECT OUTLOOK

The prospects appear to be potentially favorable for a coal-fired
cogeneration system. The minimum monthly average electric load is
about 5.2 HWe and the price of electricity is high (7.8elkWh).
Based on the FY 1986 energy-use data, a cogeneration plant with A
boiler rating of 68 McBru/h output and a 5-HWe turbine-generator
would have an electrical power capacity factor of about 90X and &
peak thermal output of 50 MBtu/h with a thermal energy capacity
factor of about 724 if used as a baseload heating plant. A water-
Lube boiler with a steam rating of 1450 psia and 950°F would be the
most suitable type of boiler for such a cogeneration plant.



169

10. INIUT AND LCC StLWAXY SIMEADSXZETS

IIQII. Ark. I X 50 gtulhr. 1COIWMIC ?6ARfT - IMX VA
Total stem outp t - 50.0 tulhr

toiler capacity factor - .618

Number of units for refit I

Hydrated lime price(Slton) - 40.00 COAL PMTIZS
Ash disposal price (/ton) a 10.00 LA& . ;tolcr
Electric price (centalklh) * 7.80 Ash traction " .130 .100

Labor rate (kS/yr) - 35.00 SuLfur fraction .020 .020
Limestone price (ieton) - 20.00 HIM' (Dtullb) 12800. 13Q00,

NaturaL gas price (31li3tu) " 4.00 R.O.M. coal (SIIBtu) 1 1.89
#2 oIl price (IMLu) a 4.71 Stoker coal ($jtu) 0 2.25

#6 OIL price (S1Itu) " .00 Coal/H2O mix (SIlMtu) w 3.00
O1rTIONS Coal/oil mix (302tu) " 3.50

Soot blower muLtiplier a .0
Tube bank mod multiplier a .0 Prlar7 fuel is 3
Bottot ash pit multiplier a 1.0 NATURAL GAS

SOZ control multiplier w 1.0 lw8 Oil. 242 Oil, 3-NG
LIMESTOK ELIhE

Inert traction w .05

ZCINMIC MAW=@fl

Inflation & discounting bass year - 198
Gen intla index (1987 to bass yr) - 1.040
Gas infla index (1988 to base yr) a 1.000

Oil Intla index (1988 to base yr) - 1.000

Coal infle index (1988 to base yr) - 1.000

Project start year - 1990
Project life Cyr) w 30

Depreciation life (yr) - 15

General inflation rate (Ilyr) - 0

Type of gas escalation a ieas
Type of oil escalation -eoil

Type of coal escalation w ecoal

Discount rate C21yr) - 10

Rate of return on invest (2lyr) - 17

Amount of working capital (month) - 2

Federal income tax :ate (2) - 34

Local prop tax (& insur) rate (2) a 2

REAL ESCALATION RATE (Zlyr)

TYPE OF FUEL 1988 1990 1995 2000 AND

FUEL ESCALATION -190 -1995 -2000 BEYOND
Gas eas 3.89 8.87 5.77 5.77

Oil *oil 4.86 7.87 4.16 4.16

Coal ecoal 1.16 2.31 1.19 1.19

11:34 M Oct 20, 1988
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H-MIM AF5: I X 50 Hbtm!hr. VCK 6-6&Z MW -IN(AL VALUES

Total steam output- 50.0 ttuhr Coat base year " 19U8
Boller capacity factor - .615 Primary fueL " NATURAL GAS

$=bai~r of unita to:: refit 1

ANNUAL COSTS

# FUEL/ FUEL TOTAL PAINT OTM

OF STEAM9 PRICE CAPITAL TUEL 0 & H O & H

TE CHROLcY UNITS EFF $1HZtu kS ks k3 t3

Natural ga boiler -- .800 4.00 .0 173.4 165.4 495.2

#2 Oil fired boiler .600 4.71 .0 1593.7 155.4 498.2

#5 Oil filed boiler -- .800 .00 .0 .0 .0 .0

licronized coal refit 1 .800 1.89 2907.2 639.5 356.2 776.5

Slogging burner refit 1 .800 1.89 4795.8 639.5 358.2 776.5

Modular FBC refit 1 .790 1.89 5442.3 647.6 350.4 741.0

Stoker firing refit 1 .740 2.25 4454.4 823.0 541.9 740.4

CoAllwater slurry 1 .750 3.00 2851.5 1082.7 350.4 673.7

Coa)./oil slurry 1 .780 3.50 2294.9 1214.5 279.0 590.0

Low Btu ueiffier refit 1 .659 2.25 4034.9 924.7 323.2 1008.

Packaged shqll stoker 1 .740 2.25 4966.9 823.0 541.9 740.4

Packaged shell FBC 1 .760 1.89 48a5.5 673.1 350.4 744.6

Field erected stoker 1 .780 2.1, 7877.2 780.8 539.8 726.0

Field erected FBC 1 .800 1.89 7215.3 639.5 407.0 731#.8

Pulverized coal boiler 1 .800 1.89 8942.1 539.5 502.7 779.0

Circulattip FbC 1 .810 1.69 8543.9 61.$ 348.3 779.9

AIR FORCE PROJECT PRIVATE PROJECT

LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST,
COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/

I OF USE, AS SFENT COST PERIOD, AS SPENT COST

TECHNOLOGY UNITS tonlyr., kS RATIO Yr k$ RATIQ

Natural gas boiler .. .. 29,110 1.000 <--- Existing system, primary fuel

#2 Oil fired boiler .. .. 29,810 --

#6 Oil fired boiler ... 0- --

Micronized coal refit 1 13,217 17,719 1.643 6.8 19,636 1,482

Slogging burner refit 1 13,217 19,280 1.510 9.7 22,160 1.314

Modular FBC refit 1 13,384 19,454 1.498 10.3 22.54 1.285

Stoker firing refit 1 14,069 21,984 1.324 13.1 24,774 1.175

Coal/water slurry 1 14,090 20,689 1.407 8 22,565 1.290

Coal/oil slurr Not evaluated

Low Btu easiflor refit 1 15,808 23.547 1.236 16.2 26.08! 1.092

Packaged shell stoker 1 14,039 22,407 1.299 14.1 25,459 1.143

Packaged shell FBC 1 13,913 19,241 1.513 9.7 22,151 1.314

Field erected stoker 1 13,347 24,288 1.199 18.8 28,809 1.010

Field erected FBC 1 13,217 21,341 1.364 13.5 25,457 1.143

Pulverized coal boiler 1 13,217 24,823 7.173 19.9 29,877 .974

Circulatinn FEC 1 13,054 22.152 1,324 ... .15.2 26,938 1.081

21:34 AM Oct 20, 1988
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M JRi ATS1 I X 50 ttulhr. TUTL RIAL ESCALATION - AM 1987

Total *team output - 50.0 HZtulhr

Boiler capacity factor .615

Number of units for refit - I

Hydrated lime prLce($/ton) 40.00 COAL IqOrIEIS

Ash disposal price (S/ton) - 10.00 RBO.. Stoker

Electric price (cents/kWh) - 7.80 Ash fraction - .130 .100

Labor rate (kS/yr) - 35.00 Sulfur fraction - .020 .020

Limestone price (S/ton) " 20.00 HtN (Btullb) - 12800. 13000.

TUEL .,C FUEL PRICES

Natural Sa price ($1M<tu) - 4.00 R.O.H. coal (S/ltu) - 1.89

#2 Oil price ($1H~tu) - 4.71 Stoker coal ($1/htu) - 2.25

#6 Oil price (1M~tu) - .00 CoalIH20 mix ($/1Mtu) - 3.00

OPTIONS Coal/oil mix (S/Hltu) - 3.50
Soot blower multiplier - .0

'rube bank mod multiplier - .0 Primary fuel ia 3

Bottom ash pit multiplier - 1.0 NATURAL GAS

S02 control multiplier - 1.0 1-8 Oil, 2-#2 Oil, 3-NG

LMSTOfEZID
Inert fraction - .05

XIO4IC P1AR S

Inflation & discounting base year 1988

Gen infla index (1987 to base yr) - 1.040
Gas infla index (:988 to base yr) - 1.000

Oil infla index (1988 to base yr) - 1.000

Coal infla index (1988 to base yr) - 1.000

Project start year 1980
Project life (yr) 30

Depreciation life (yr) - 15
General Inflation rate (C/yr) - 0

Type of gas escalation - *gas

Type of oil escalation - soil

Type of coal escalation - ecoal

Discount rate (2/yr) - 10

Rate of return on invest (MIyr) - 17
Awount of working capital (month) w 2

Federal income tax rate (I) - 34
Local prop tax (& insur) rate (1) - 2

REAL ESCALATION RATE (2lyr)

TYPE OF FUEL 1988 1990 1995 2000 AND

ELEL ESCALATION -1990 -1995 -2000 BEYOND

Gas egas 2.28 4.70 5.49 2.75

Oil soil .17 4.16 5.55 2.77

Coal ecoal 1.46 1.76 1.61 .81

11:40 AM Oct 20, 1988
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N IRZ AWl: 1 X 50 Motulbr. FUEL RPAL F.ALTION AIN 1987

Total steam output a 50.0 H tu/hr Cost base year - 1988

Boiler capacity factor " .618 Primary fuel m NATURAL GAS

Nombtr of units for refit m I

AINIAL COSTS

a FUEL/ FUEL TOTAL FAINT OTHER

OF STEAM MRICE CAPITAL FUEL 0 & M O & H

T&C1WLOGY UNITS EFF $1t tu kS k§ kS S

Natural gas boiler -- .800 4.00 .0 1353.4 165.4 496.2

#2 Oil fired boiler -- .800 4.71 .0 1593.7 15.4 496.2

#6 0il fired boilo -- .800 .00 .0 .0 .0 .0

Micronized coal refit 1 .800 1.89 2907.2 639.5 368.2 776.5

Slogging burner refit 1 .800 1.89 4705.6 639.5 388.2 776.5

Modular FC refit 1 .790 l.8J 5442.3 647.6 350.4 741.0

Stoker firing refit 1 .740 2.25 4454.4 823.0 541.9 740.4

Co41/wator slurry 1 .750 3.00 2651.5 1082.7 350.4 673.7

Coalloil slurry 1 .780 3.50 2294.9 1214.6 279.0 o90.0
LoQ" DIu aesifier refit 1 .650 2.25 5014.0 924.7 323.2 1008.5

Psckaged shell stoker 1 .740 2.25 4966.9 823.0 541.9 740.4

Packaged shell FBC 1 .760 1.69 4859.5 673.1 350.4 744.8

Field erected stoker 1 .780 2.25 7877.2 780.8 539.8 726.0

Field oercted FBC 1 .800 1.89 7216.3 639.5 407.0 739.8

Pulverized coal boiler 1 .800 1.60 8942.1 939.5 602.7 779.0

Circulatin.-FDC 1 .610 1.80 8543.9 631.8 348.3 779.9

AIR FORCE PROECT . _ IATE PROJECT

LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST,

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/

# OF USE, AS SPENT COST PERIOD, AS SPENT COST

TECHNOIOY UNITS ton/yr k$ RATIO Yr kS RATIO

Natural gas boiler .. .. 22,261 1.000 <--- Existing system, primary fuel

#2 Oil fired boiler .. .. 24.070 --

f6 oil fired boiler -- -- 0 --

Micronized coal refit 1 13,217 17,618 1.264 9.7 19,531 1.140

Slogging burner refit 1 13,217 19,178 1.1%1 i4.7 22,055 1.009

Modular FBC refit 1 13,384 19,351 1.150 15.6 22,548 .987

Stoker firing refit 1 14,069 21,853 1.019 26.8 24,640 .903

Coal/water slurry 1 14,098 20,517 1.085 17.6 22,388 .994

Coal/oiL slurry Hot evaluated

Low Btu xasifier refit 1 15n808 23.400 .951 >31 _6.513 .840

Packaged shell stoker 1 14,069 22,277 .999 >31 25,325 .879

Packaged shoLl FEC 1 13,913 19,134 1.163 14.6 22,041 1.010

Field erected stoker 1 13,347 24,164 .921 >31 28,681 .776

Field erected FBC 1 13,217 21,239 1.048 23.7 25,353 .878

Pulverized coal boiler 1 13,217 24,721 .901 >31 29,773 .748

Circulatinx FBC 1 13,054 22,052 1,009 29.2 26,834 .830

11:40 AM Oct 20, 1988
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crRulE AtA I X 50 ttulbr. IM REAL ECAJTIOF - M

Total. steam output 50.0 HBLulhr

Boiler capacity factor - .518

Ntuber of units for refit - I
Hydrated lime price(Slton) 40.00 COAL ?3OtTIES

Ash disposal price CS/ton) 10.00 L2.O. up-hrk

Electric price (cental.Wh) 7.80 Ash fraction a .130 .IOU

Labor rate (kS/yr) 35.00 Sulfur fraction m .020 .020

I4mestano price ($/ton) 20.00 ?HV (Btuflb) 12800. 13000,

FUEL RICES rM PRICES

Natural Sao price (1HBtu) - 4.00 R.O.H. coal (/l Mtu) - 1.89

#2 OiL price ($Btu) - 4.71 SLoker coal ($18Btu) - 2.25

#6 Oil price (S/HMtu) " .00 Coati/20 mix (SIHltu) 3.00

OPTIONS Coalloil mix ($/Mtu) - 3.50

Soot blower multiplier - .0

Tube bank mod multiplier -".0 Primary fueL Is 3

Bottom ash pit multiplier N 1.0 NATURAL GAS

S02 control multiplier - 1.0 1-#5 Oil, 2"fl ., 3-NG

LIHSTOKEILIM
Inert fraction - .05

ECa4OPIC PARAtETERS

Inflation & discounting bass year - 1985

Gen infla index (1987 to base yr) - 1.040

Gas infla Index (1088 to base yr) - 1.000

Oil. infla index (1988 to base yr) - 1.000

Coal Infla index (1088 to base yr) - 1.000

Project start year - 1990

Project life (yr) - 30

Depreciation life (yr) - 15

Gener]L inflation rate (1/yr) - 0

Type of Saa escalation - zero

Type of oil escalation- zero

Type of coal escalation - zero

Discount rate (I/yr) - 10

Rate of return on invest (!Iyr) - 17

AMount of working capital (month) - 2

Federal income tax rate (I) - 34

Local prop tax ( insur) rate (I) - 2

REAL ESCALATION1 RATE (21yr)

TYPE OF FUEL 1988 1990 1995 2000 AND

FUEL ESCALATION -1990 -1995 -2000 BMYOND

Gas zero 0 0 0 0

Oil zero 0 0 0 0

Coal zero 0 0 0 0

11:47 A i Oct 20, 1988



174

?ECJtJ AM,~ I X 50 ?Mtyuhr. PMTK P=A ESCAAIO - ZERO
Total &team output - 50.0 t~tulhr Cost baae yearw 1988

boi.er capacity factor - .61a Primary fuel - NATURAL GAS

Number of units for refit - I

ANNUAL COSTS

# FUT.L/ FUL TOTAL MAINT OTHER

OF STEAM PRICE CAPITAL FUEL 0 & H 0 & H

TEQCHIOLCOY UNITS EFF $/Mttu kS kS A

Natural gas boiler -- .800 4.00 .0 1353.4 165.4 496.2

*2 Oil fired boiler -- .800 4.71 .0 1593.7 165.4 496.2

*6 Oil fired boiler -- .800 .00 .0 .0 .0 .0
licronized coal refit 1 .800 1.89 2907.2 839.5 388.2 776.5

Slaging burner refit 1 .800 1.89 4795.8 839.5 368.2 776.5

Modular M C refit 1 .790 1.80 5442.3 847.6 350.4 741.0

Stoker firing refit 1 .740 2.25 4454.4 823.0 541.9 740.4

Coal/water slurry 1 .750 3.00 2651.5 1082.7 350.4 673.7

Coal/oil slurry 1 .780 3.50 2294.9 1214.6 279.0 590.0

Low Btu gasifier refit 1 .659 2.25 5034.9 924.7 323.2 1008.5

Packaged shell stoker 1 .740 2.25 495.9 823.0 541.9 740.4

Packaged shell FBC 1 .760 1.89 4859.5 673.1 350.4 744.8

Field erected stoker 1 .780 2.25 7877.2 780.8 539.8 728.0

Field erected FC 1 .800 1.89 7218.3 839.5 407.0 739.8

Pulverized coal boiler 1 .800 1.89 8942.1 639.5 802.7 779.0

Circuletint FIC 1 .810 1.89 8543.9 631,6 348.3 770.9

AIR FORCE PROJECT PRIVATEPrOJECT

LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST,

COAL DISCOUNTED BENEFIT/ PAYEACX DISCOUNTED BENEFIT/

* OF USE, AS SPENT COST PERIOD, AS SPENT COST

TECHNOLOGY UNITS ton/yr k RATIO Yr k RATIO

Natural gas boiler .. .. 15,889 1.000 --- Existing system, primary fuel
#2 Oil fired boiler .. .. 17,761 --

#6 Oil fired boiler -- -- 0 ""

Micronized coal r'ofit 1 13,217 16,727 .950 >31 18.615 .854

Slagging burner refit 1 13,217 18,288 .869 >31 21,139 .752

Nodular FBC refit 1 13,384 18,449 .861 >31 21,620 .735

Stoker firing refit 1 14,069 20,707 .767 >31 23,461 .677

Coal/water slurry 1 14,098 19,009 .836 >31 20,838 .763

Coal/oL. slurry got evaluated

Low Btu asifer refit 1 15,808 22,112 .719 >31 25,789 .631

Packaged shell stoker 1 14,069 21,130 .752 >31 24,146 .658

Packaged shell FBC 1 13,913 18,197 .873 >31 21,077 .754

Field erected stoker 1 13.347 23.076 .689 >31 27,563 .576

Field erected FBC 1 13,217 20,349 .781 >31 24,437 .650

Pulverized coal boiler 1 13,217 23,830 .867 >31 28,857 .551

Circulating FBC 1 13,054 21,172 .750 >31 25,930 .613

11:47 AM Oct 20, 1988
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SCOTT AFB: MAC

1. BACKGROUND

Scott AFB is located near Belleville, Illinois. There are four
steam plants on this base, but only the major one is of any
interest. The capacity of this plant is about 250 HBcu/h (the
others are about 20, 31, and 14 HlILu/h) and is composed of four Erie
City Iron Works boilers. The boilers in the main steam plant burned
coal previously but were converted to No. 6 oil. Currently, the
main plant burns natural gas, and the yearly average fuel use is
roughly 40 HBtu/h.

2. HEATING PLANT UNITS

Heating Plant No. 45:

83 HBtu/h, Erie City Iron Works, 1955
40 HBtu/h, Erie City Iron Works, 1952
84 and 45 HBtu/h, Erie City Iron Works, 1939

3. IDEAL CAPACITY FACTOR ANALYSIS

The maximum possible capacity factors listed below were calculated
from monthly fuel-use data for plant No. 45.

CY 1985 FY 1986
Fuel ideal ideal
input capacity capacity

(HBtu/h) factor factor

30 0.90 0.87
40 0.79 0.77
50 0.70 0.69
60 0.63 0.63
70 0.56 0.57
80 0.50 0.52
90 0.44 0.46

4. ENERGY PRICES

FY 1986 Price Datat

Average Year end

Electricity 4.10/kWh 4.9C/kWh
Residual oil $5.28/MBtu Same
Distillate oil $5.90/HBtu Same
Natural gas $3.64/MBtu $3.80/HBtu
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5. COAL PROPERTIES AND PRICES

Stoker Run of Mine

Origin Belleville, Ill. Belleville, 111.
IlllV, Btu/lb 10,888 1Q,009

Ash, X 10.70 11.1?
Sulfur, X 3.74 3.70
Nitrogen, Z
Ash-softening temperature, 0F
Swelling index
Top size, in. 1 1.5 x 0
Bottom size, in. 28 mesh
Fines, 2 9-12 25
Grindability index
Cost at mine, /ton 23.50 22.00
Delivered cost, $/ton 27.50 26.00
Energy cost, $/HBtu 1.26 1.24

6. ENVIRONMENTAL REGULATIONS

6.1 Air Pollution Emission Limits for New Sources

i z: The Illinois emission limit for sulfur dioxide is
1.8 lb/HBtu in any 1-h period.

NO.: The State does not have limits on nitrogen oxide emis-
sions for fuel-burning sources of this size (<250 HBtu/h).

Particulates. Scott AFB is located in a nonattainment area for
pa..ticulates. The State of Illinois particulate limit appli-
cable to a plant boiler converted to coal firing is 0.1 lb/MBtu
actual heat input. Nonattainment regulations require the base
to operate the boiler at the lowest achievable emission rate
(LAER). The operator must demonstrate that the control equip-
ment and process measures will produce the LAER. Emission off-
sets are also applicable; however, in cases where no practical
offsets are found, certain exemptions may be obtainable.

The opacity limits for new fuel-combustion sources of this size
(5250 MBtu/hr) is :30% with the exception that the opacity may
range between 30 and 60% for a period or periods aggregating
8 min in a 60-mi .eriod.

6.2 Coal-Pile Runoff

The State of Illinois requires that z al storage yards obtain a
National Pollutant Discharge Elimination System (NPDES) permit
if coal-pile runoff is discharged into waters of tha State.
During the permit application review, the State Agency deter-
mines if a facility will cause or threaten to cause water
pollution by its location, geology, operation, and abandonment
plan.
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The State of Illinois utilizes EPA federal regulation for coal-
pile runoff. The regulations state the the pH of all dis-
charges, except once-through cooling water, shall be within the
range of 6.0 to 9.0. The effluent limitation for the point
source discharges of coal-nile runoff is 50 mg/L total sus-
pended solids.

6.3 Ash Disposal

Coal ash is classified as a special waste by the State of
Illinois and requires a special permit for handling. A permit
Ror special waste handling must be obtained by existing
disposal sites that accept the ash or, for new disposal sites,
an operating permit must be issued.

7. OTHER CONSIDERATIONS

None

8. COAL-CONVERSION PROJECT OUTLOOK

A conversion project would probably involve conversion of one
40-Btu/h output ( 50-HBtu/h fuel input) boiler. A realistic overall
capacity factor for a 40-MBtu/h coal-burning unit would be about
63%, assuming 90% availability.

8.1 Effect of Environmental Regulations on Selection of Combustion
Technologies

S__2. Sulfur dioxide removal will be required for all combus-
tion technologies because of the high-sulfur (3.7%) coal.

NOX.  No special nitrogen oxide controls will be required for
any of the combustion technologies.

Particulates. Bag filters or electrostatic precipitators will
be required.

8.2 Physical Space and Aesthetics

Heating Plant. The existing boilers were originally designed
for coal, but there is no information about availability of
space for reinstalling coal-combustion equipment.

Coal-Handling Equipment. There is not enough room for install-
ing dry coal-handling equipment at the existing site, but there
is space for coal-water-mixture equipment.

Coal Pile. There is no space available for a coal pile at the
existing plant, but there is space at another site on base for
a coal pile and a new coal-fired boiler.
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8.3 Technical Risk of Combustion Technologies

The existing boilers were designed for coal, but the technical
risk of burning a coal-water mixture would be moderate because
of the need for SO2 removal. The least technical risk would be
for a new stoker or FBC boiler.

9. COGENERATION PROJECT OUTLOOK

The prospects for coal-fired cogeneration systems appear to be poor
because of the low cost of electricity (4.1C/kWh in PY 1986; how-
ever, by the year's end, about 4.9c/kWh). The monthly minimum
average electric demand was 2453 HWh in April. A 3.4-XW electric
cogeneration plant would produce 10.2 MW(t) and require a 12.75-MW
boiler because of the 80% boiler efficiency. The plant would gener-
ate 22,560 MBtu(t) each month based on a 90% plant availability.
The overall thermal energy capacity factor for a year would be
fairly high (61%).
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10. INPUT AND LCC SUtt..= SPREADSHEETS

SCOT T An, I X 40 1tulhr. COHC M ?ARAM= - IMNC(TAl VADJES

Total steam output 0 0.0 hltulhr

boLler capacity factor - .526

Nu=ber of units for refit - 1

Hydrated lime prIceCS/ton) a 40.00 COAL IPTIES

Ash disposal price ($/ton) - 10.00 Stower

Electric price (cents/kWh) - 4.90 Ash fraction - .112 .107

Labor rate (k$1yr) - 35.00 Sulfur fraction - .037 .037

Limestone price ($1ton) - 20.00 HWH (Btullb) - 10510. 10890.
rJXi PICE:S YM RIClqZS

Natural gas price ($/Htu) - 2.80 R.O.H. coal (1tZUu) - 1.24

#2 Oil price (8/Ztu) - .00 Stoker coal ($/Utu) - 1.26

#6 Oil price (8/1Ltu) - 3.67 Coal/2O mix (8/Httu) - 3.00

OIONS Coalloil mix (./Ztu) - 3.50

Soot blower multiplier - .0
Tube bank mod multiplier - .0 Primry fuel ia 3
Bottom ash pit multiplier - 1.0 NATUPAL $As

502 control multiplier - 1.0 1"8 Oil, 2-f2 O11, 3NG

LDKT0S/LDM
Inert fraction - .05

Inflation & discounting bast year - 1988

Gen infla index (1987 to base yr) - 1.040

Gas Infla index (1988 to base yr) - 1.000

OIL Intl& index (1988 to base yr) - 1,000

Coal infla index (1988 to base yr) - 1.000

Project start year - 1990

Project life (yr) " 30

Depreciation life (yr) - 15
General Inflation rate (/yr) - 0

Type of gas escalation - @gas

Type of oil escalation - *oil
Type of coal escalation - *coal

Discount rate (Z/y:) - 10

Rate of return on invest (2/yr) - 17

AmI nt of working capital (month) w 2

Federal income tax rate (2) - 34

Local prop tax (A insur) rate (1) - 2

REAL ESCALATION RATE (2lvr)

TYPE OF FUEL 1988 1990 1995 2000 AND

FUEL ESCALATION -1990 -1995 -2000 BEYOND
Gas egas 3.89 8.87 5.77 5.77

Oil soil 4.86 7.87 4.16 4.16

Coal acoal. 1.16 2.31 1.19 1.19

3:12 R4 Oct 24, 1988
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SCOTT D3 I X £0 1Wt~lihr. ZCWC4C 1ARMETM -- K W,INAL YAMU.5

Total steam output m 40.0 HKtu/hr Cost base year - 1988

Boiler capacity factor .26 Priuary fuel - NATURAL GAS

Number of units for refit - 1

ANNUAL MOTS

SFUEL/ FUEL TOTAL HAINT OTHER

OF STEA., PRICE CAPITAL FUEL 0&H O & M

TECH8OtY UITS IFF SitLua kS "$ kS k3
Natural gas boiler -- .800 3.80 .0 1041.9 148.3 445.0
#2 Oil fired boiler -- .800 .00 .0 .0 .0 .0
# Oil fired boiler -- .800 3.67 .0 1008.3 146.3 445.0

licronized coal refit 1 .800 1.24 2779.1 340.0 339.8 765.8

Slagging burner refit 1 .800 1.24 4435.7 340.0 339.8 765.6

Hodul'r FC refit. 1 .790 1.24 4995.3 344.3 323.4 73Z.8

Stoker firing refit 1 .740 1.25 3958.8 373.5 498.5 894.7

Coll/water slurry 1 .750 3,00 2545.7 877.4 323.4 088.7

Coal/oil slurry 1 .780 3.50 2165.5 984.3 257.5 562.1

Low Btu sasifler refit 1 6S9 1.26 4448,1 419.7 2086.3 817.5

Packaged shell stoker 1 .740 1.26 4405.5 373.5 496.5 594.7
Packaged shell F8C 1 .760 1.24 4437.1 357.9 323.4 739.2

Field erected stoker 1 .780 1.26 8850.2 354.3 496.5 683.8

Field erected FbC 1 .800 1.24 6321.2 340.0 375.5 730.8
Pulverized coal boiler 1 .800 1.24 7777.9 340.0 554.6 727.0

Clrculatnti FbC 1 .810 1.24 7407.7 335.8 321.4 734.

AIR FORrV ROJECT PRVA E OJECT

LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST,
COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/

* OF USE. AS SPENT COST PERIOD, AS SPENT COST
TECHOLC"Y UNITS ton!Ir k $ RTIO Yr kA RAT7O

Natural gas boiler .. . 23,070 1.000 <--- Existing system, primary fuel

*2 Oil fired boiler .. .. 0 --

#6 Oil fired bolter -- -- 20,097 --

Micronized coal refit Not applicable because of apace limitations

Slagging burner refit Not applicable because of space limitations

Hodular FBC refit Not applicable because of space limitations
Stoker firing refit Not applicable because of space limitations

Coal/water slurry 1 13,914 18,558 1.243 14.6 20,323 1.135

Coal/oil slurry Not evaluated

Low Btu assifler refit Not applicabl. because of space limitations..-

Packaged shell stoker 1 13,610 17,000 1.357 12.9 19,626 1.176

Packaged shell FBC 1 13,731 15,661 1.473 10.6 18,284 1.283

Field erected stoker 1 12.912 18,744 1.231 17.5 22,611 1.020

Field erected FBC 1 13,044 17.453 1.322 14.7 21,023 1.097

Pulverized coal boiler 1 13,044 20,227 1.141 21.4 24,585 .938

Ctrculsting FBC 1 12.883 17,858 1.292 15.9 21.968 1.050

3:12 I4 Oct 24, 1988
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0M.YY An:. I X 40 ttlhr. FUMl. W. ESCALATION - AXO 1967

Total steama output a 40.0 Iffiulhr

Boiler capacity factor w .626

Hwx-bor ot units for refit - 1
Hydrated lima priceCS/ton) - 40.00 COAL MMTIU3

Ash disposal price (8ton) - 10.00 L2.liH. ;JqbKs
Electric price (cents/kWh) w4.00 Ash traction - .112 .107

Labor rate (kSjyr) - 35.00 Sulfur fractior - .037 .037
Limestone price (S/ton) -20.00 HNV (Btull) -10510. 1060.

UMl PICES FMU MUCES

Natural gas price (3/l~tu) - 3.80 R.O.l. coal (S3il~tu) 1.24
#2 Oil price (SIHgta) -.00 Stoker coal (S/t~tu) -1.26

#8 Oil price (S/t~tu) - 3.87 Coal/N20 mix (S/tatu) 3.00
OPTIONSCoal/oil mix (S/t~tu) 3.50

Soot, blaoer multiplier .' .0

Tuba bank-rsd ukAtiplier -.0 Primary fuel. In 3
Bottom ash pit multiplier - 1.0 NATURAL GAS

SOI control multiplier -1.0 l'-0 oil. 2-fl oil. 3-N0

LIHESTOWEILI1g

Inert fraction * .05

XCOW UC 1AR"fTES
Inflation & discounting base year - 1088

Con infla iurdex (1087 to bas3 yr) - 1,040

Gas Intl& Index (1988 to base yr) " 1.000

Oil Infla Index (1955 to bass yr) "1.000
Coal InMl Index (1986 to base yr) 1.000

Project start year U1900

Project life (yr) -30
Depreciation life (yr) -15

General Inflation rate (u/yr) 0

Type of gas escalation " gas
Type uf oil escalation a soil

Type of coal escalation - ecoaL

Disacount rate (Zyr) -10
Rate of return on Invest (I/yr) w 17

Amount of working capital (month) m2

Federal Income tax rate (1) -34
Local prop tax (&. insur) rate (1) %2

* REAL EMCALATIOI RATE (Iyr)

TYPE OF FUEL 1988 1990 lo95 2000 AND

FUEL ESCALATION 1-1990 -1995 -2000 BEY,1
Gas egas 2.28 4.70 5.49 2.7

oil soil .17 4.16 5.55 2 77
Coal ecoal 1.46 1.76 1.61 .81

3:18 PHi Oct 24, 1988
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;=,AT8 I X 40 tu/br VIM R&L EICAL1TTOIP "4A..1971

Total steam output - 40.0 H3tulhr Cost, base year- 1988

Boiler capacity factor - .626 Primary fuel - NATURAL CAS

Number of units for refit a 1

AWL-sA, COSTS

# FUEL/ FUEL TOAL 4AINT OTHER

OF STEM PRICE 'oAITAL FUSL O H O 

TECIIQLC.y UNITS EFF 05/tst -k3 kcS ktS

NaturaL gas boiler -- .600 3.80 .0 1041.9 145.3 445.0

#2 Oil firod boiler -- .800 .00 .0 .0 .0 .0

J6 Oil fired botler ..00 3.67 .0 1006.3 146.; 445.0

Micronized coal refit 1 .800 A.24 2779.1 340.0 339.8 765.6

Slogging burner refit 1 .600 1.24 4438.7 340.0 339.8 76.6

Modular FBC refit 1 .790 1.24 4995.3 344.3 323.4 732.8

Stoker firing refit 1 .740 1.26 3958.8 373.5 408.5 64.7

Coal/water slurry 1 .750 3.00 2545.7 877.4 323.4 588.7

Coal/oil slurry 1 .780 3.50 2166.5 984.3 257.5 562.1

Low Btu seiffer refit 1 .659 1.26 4448.1 419.7 295.3 :7.5

Packaged shell stoker 1 .740 1.26 4405.5 373.S 408.5 694.7

Packeged shell FBC 1 .760 1.24 4437.1 357.9 323.4 739.2

Field erected stoker 1 .780 1.26 6856.2 354.3 496.5 683.8

Field erected FC 1 .800 1.24 6321.2 340.0 375.6 730.8

Pulverized coal boiler 1 .800 1.24 7777.9 340.0 554.6 727.0

Cireulotins TIC 1 .810 1.24 740.7 335.8 321.4 734.8

ATR FORCE PRO=ECT FRIVATE PRWOJCT

LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST,

COAL DISCOJUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/

# OF USE. AS SPENT COST PERIO AS SPENT COST

TECNPILOGY Ut4ITS ton/yr VS RATIO yr - S RATIO

Natural gas boiler .. .. 17,798 1.000 <--- Existing system, primary fuel

#2 Oil fired boiler .. .. 0 - "

46 Oil fired boiler -- _- 16.599 -- .,

Hi...onized coal refit Not applicable because of space limitations

Slaggin& burner refit Not applicable because of space limitations

Modular FBC refit Not, applicable because of space limitaIons

Stoker firing refit. Not applicable because of space limitations

Coal/water slurry 1 13,914 18,419 .966 >31 20.179 .882

Coal/oLL slurry Not ovauated

Low Btu tasifler refit Not applicble be*ase of space Iimltotions

Packaged shell stoker 1 13,610 16.941 1.051 22.7 19.565 910

Packaged shell FEC 1 13,731 15,604 1.141 16.1 18,205 .97-

Field erected stoker 1 12.012 18.687 .952 >31 22,553 .78

Field erected FBC 1 13,044 17.399 1.023 26.9 20,967 .849

Pulverized coal boiler 1 13,044 20,173 .8e2 >31 24,530 .726

Circulatina FEC I 12.883 17.804 1.000 >31 21.914 .812

3:18 PHI Oct 24. 1988
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S 7ATU E 1 40 Mtulhr. EM VAL TV-WAn2II -f

TotAL ate" Ottput - 40.0 l.ulhr

silor capacity factor - .626

Number of units for refit - 1

Hydrated lIne price(/ton) - 40.00 COAL frZlXKS

disposal price (SIton) - 10.00 L
Electric price (cents/kWh) - 4.90 Ash fraction w .112 .107

Labor rate (kS/yc) 35.00 Sulfur fraction a .037 .037

Litstone price ($1ton) 20.00 MHV (Btullb) a 10510. 10090.

NaturaL gas price ($1latu) - 3.80 R.O.f coal (S/H3tu) m 1.24

#2 OIL price (S/ttu) - .00 Stoker coal (S3latu) w 1.25

#5 Oil prloe ($/1 tu) w 3.67 CoalIM20 mix (S/Matu) - 3.00

OrTIONS Coal/oiL mix ($1ttu) - 3.50

Soot blower multiplier - .0
Tube bank mod multiplier - .0 FrImaxy fueL in 3

Bottom ash pit multiplier - 1.0 NATURAL GAS

S02 control multiplier a 1.0 1"6 0l. 2#2 Oil, 3-NG

Inert £raction - .05

MCO1"iC AN TU

Inflation & discounting base year - 1985

Gen Intl& index (1987 to base yr) - 1.040

Gas Infla index (198 to base yr) - 1.000

OIL Infla index (1988 to base yr) - 1.000

Coal Infla Index (1988 to base yr) - 1.000
Project start year - 1990

Projec life (yr) -30

Depreciation life (yr) - 15

General inflation rate (Z/yr) - 0

Type of San escalation - zero

Typo of oil escalation - zero

Type of coal escalation - zero

DiscoUnt rate (X/yr) - 10

Rate of return on invest (Z/yr) - 17

Amount of working capital (month) - 2

Federal Income tag rate (2) - 34

Local prop tax & insur) rate (Z) - 2

REAL E$¢LATJONRATE (11yr)

TYPE OF FUEL 1988 1990 1995 2000 AND

FUEL ESALTION -1990 -1995 -2000 BEYOND

Gas zero 0 0 0 0

Oil zero 0 0 0 0

Coal zero 0 0 0 0

3:24 PIH Oct 24, 1988
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f '=T AF I X 40 Hgtulhr. 7U1M!.L .WCALATTON- Z0O

Total ateam output - 40.0 Matu/hr Coat base year - 1966

boiler capacity factor - .626 Primary fuel w NATURAL GAS

Number of units for -efit, 1

ANNVAL COSTS

# FUEL/ FUEL TOTAL 4AINT ol1ER

OF STEAM PRICE CAPITAL FUEL 0&H 0 &M

TEaIq-1Laly UNITS EFF -31t1tu k3 kj k$

Natural gas boiler -- .800 3.80 .0 1041.9 146.3 445.0

E2 Oil fired boiler -- .600 .00 .0 .0 .0 .0

JO Oil fired boiler -- .800 3.7 .0 1006.3 146.3 445.0

Hicronized coal refit 1 .800 1.24 2778.1 340.0 339.8 765.6

Slagging burner refit 1 .800 1.24 4438.7 340.0 339.8 785.6

Modular FZC refit 1 .700 1.24 4985.3 344.3 323.4 732.8

Stoker firing refit 1 .740 1.26 3958.8 373.5 408.5 694.7

Coal/water slurry 1 .750 3.00 2545.7 877.4 323.4 658.7

Coalloil alurry 1 .780 3.50 2166.5 984.3 257.5 562.1

Low Itu aeusifer refit 1 .659 1.26 4448.1 419.7 298.3 817.15

Packaged shell stoker 1 .740 1.25 4405.5 373.5 498.5 684.7

Patkaged shell FBC 1 .760 1.24 4437.1 357.9 323.4 739.2

Field erected stoker 1 .780 1.28 6856.2 354.3 496.5 683.8

Field erected FBC 1 .800 1.24 6321.2 340 0 375.6 730.8

Pulverited coal boiler 1 .800 1.24 7777.9 340.0 554.6 727.0

Circulating FBC 1 .810 1.24 7407.7 335.6 321.4 734.8

AIR FORCE PRAJECT PRIVATE PROJECT

LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST,

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/

* OF USE, AS SPENT COST PERIOD, AS SPENT COST

TECHNOLOGY UNITS o.E_.t k$ RATIO vr k$ RATIO

Natural gas boiler .. .. 12,893 1.000 <--- Existing system, primary fuel

#2 Oil fired boiler .. .. 0 -

#6 Oil fired boiler .. . 12,615 --

Hicronized coal refit Not applicable because of $pace limitations

Slogging burner refit Not applicable because of space limitations

Modular FBC refit Not applicable because of apace limitations

Stoker firing refit Not, applicable because of space limitations

Coal/water slurry 1 13,914 17,197 .750 >31 18,923 .681

Coal/oil slurry Not evaluated

Low Btu gasifier refit Not applicable because of space limitations
Packaged shell stoker 1 13,610 16,421 .785 >31 19,030 .678

Packaged shell FBC 1 13.731 15,105 .854 >31 17,693 .729

Field erected stoker 1 12,912 18,194 .709 >31 22,C45 .585

Field erected FEC 1 13,044 16,925 .762 >31 20,481 .630

Pulverrzod coal boiler 1 13,044 19,700 .654 >31 24,043 .536

Circulating FBC 1 12,883 .17,137 .744 >31 21433 , .602

3:24 EM Oct 24. 1988
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GRAND FORKS AFB: SAC

1. BACKGROUND

Grand Forks AFB is located near Grand Forks, North Dakota. The
central steam plant is the only one of interest to this study.
There are five boilers sized at 3 x 25 HBtu/h and 2 x 42 HBtu/h.
Hot water is produced at 395"F. All boilers in this steam plant
were designed Zor stoker coal-firing but were later converted to
burn No. 6 oil.

Currently an electric boiler system is supplying steam by a special
agreement with the local utility. Apparently, the utility will
supply electricity for steam generation at a very reduced price
($0.0215/kWh). Because Tim Fry says this may not last much longer,
the LCC analysis was performed assuming that No. 6 oil is the pri-
mary fuel.
The yearly average electric use is roughly 45 MBtu/h. Boiler effi-

ciency is reported to be about 65-76%. No coal equipment is left.

2. HEATING PLANT UNITS

Heating Plant No. 423:

2 x 25 MBtu/h, Combustion Engineering, 1956
25 and 42 HBtu/h, International Boiler Works, 1958
42 MBtu/h, International Boiler Works, 1964

3. IDEAL CAPACITY FACTOR ANALYSIS

The ideal capacity factors listed below were calculated from monthly
electric-use data for plant No. 423.

FY 1985 FY 1986
Electric ideal ideal
input capacity capacity
(HBtu/h) factor factor

40 0.81 0.82
50 0.74 0.76
60 0.68 0.70
70 0.63 0.64
90 0.51 0.53

4. ENERGY PRICES

FY 1986 Price Data:

Electricity = 4.20/kWh (regular price)
Distillate = $5.41/MBtu
Natural gas = $3.64/HBtu
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C. H. Guernsey and Co. Survey:

Electricity = 2.lS¢/kWh ($6.3/MBtu, special price for steAm
generation)

Distillate = $6.07/Btu ($0.91/gal)

5. COAL PROPERTIES AND PRICES

Stoker RON

Origin Morhland, Utah Morhlandt Utah
HllV, Btu/lb 12,300 12,200
X Ash 8 8
X Sulfur 1 1
X Nitrogen 1.2 1.2
Ash-softening temperature, "F 2300 2300
Swelling index 1 1
Top size, iis 1 1/4 1 1/2
Bottom size, in. 1/4 0
Fines, X 10 45
Grindability index 41 41
Cost at mine, V/ton 32 22
Delivered cost, $/ton 46 36
Energy cost, $/106 Btu 1.87 1.48

6. ENVIRONMENTAL REGULATIONS

6.1 Air Pollution Emission Limits for New Sources

For boilers >30 and <100 MBtu/h: 3 lb/MBtu.

NO. . For boilers >30 and <10P 1'Btu/h: No emission limit.

Particulates. For boilers >30 and <100 14Btu/h:

E = 0.811 (MBtu/h)0 .131.
For 42 MBtu/h: 0.5 lb/MBtu.

6.2 Coal'.Pile Runoff

Limit: Total suspended solids - 50 mg/L.

6.3 Ash Disposal

Ashes are classified as nonhazardous industrial solid waste and
may be disposed of in any approved sanitary landfill.

7. OTHER CONSIDERATIONS

This base is located near sources of lignite. The low-cost elec-
tricity scheme for the electric system boiler may stop in the near
future.
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8. COAL-CONVERSION PROJECT OUTLOOK

A refit/replacement project for one of the 42-HBtu/h output (equiva-
lent to 43 HBtu/h electric input) boilers may be economically
attractive. An overall capacity factor near 72X is expected, assum-
ing a 90% availability.

8.1 Effect of Environmental Regulations on Selection of Combustion
Technologies

SO2 and NO Any of the combustion technologies being consid-
ered could be employed without requiring any measures for NOX
or S02 reduction since the proposed conversion project is
smaller than 100 HBtu/h and the coal has a low sulfur content.

Particulates. Bag filters or electrostatic precipitators would

be required to comply with the particulate emission limits.

8.2 Physical Space and Aesthetics

Heating Plant. The existing boiler plant was originally
designed for coal. There is space available for reinstalling
coal-combustion equipment at the existing boiler or for con-
struction of a new boiler at another site on base.

Coal-flandling Equipment. There is space available for install-
ing coal-handling equipment at the existing boiler.

Coal Pile. There is space available for a coal pile at the
existing boiler plant or at a new site on base.

8.3 Technical Risk of Combustion Technologies

The least technical risk would be for refit of stoker firing to
the existing boiler, since it was originally designed for this,
or installation of a new stoker-fired boiler. The other tech-
nologies would have greater technical risks because of lack of
operating experience, and all of them would be of the same
order since the existing boiler is denigned for coal firing.

9. COGENERATION PROJECT OUTLOOK

Cogeneration would not be economical at this base because of the
very low electric power rates.
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10. INNT AND LCC SUMY SIREADSMIETS

(AL I1la AY3; 1 X 42 Httuhr dq IK)IL. EI[UO4]IC ?ARA4M - lIAL Yhj

Total stemm output - 42.0 1'tu/hr

BoLler capacity factor - .716

Number of units for refit 1

Ijdrated lime prico(S/ton) - 40.00 CL HOrtTXI5

Ash disposal price (8/ton) - 10.C0 L 1. Stoker

Ziactric price (cents/kWh) - 4.20 Ash fraction - .010 .080

L&bar rate (k$1yr) - 35.00 Sulfur fraction - .010 .010

Limetone p:Ice t$/ton) 20.00 MV (tu/lb) - 12200. 12300.

Pun. PRIM FUEL WKIES
Natural &as price ($I1Utu) - .00 R.O.M. coal (ItStu) - 1.43

#2 Oil price (S/tMtu) - .00 Stoker coal (8/httu) - 1.57

#6 Oil price (S/t tu) 3.67 Coal/20 nix ($/1 tu) - 3.0

OTIO Coal/oil nix (S/t4tu) - 3.50

Soot b1dwer multiplier - .0
Tube bank mod multiplier - .0 P,:azU7 fael In 1

Bottom ash pit multiplier 1.0 #6 FUEL OML

302 control oultiplier .0 1-6 O11, 2-#2 O11, 3-W

LDIMTM/LTW
Inert fracticn- ' .05

XCUWfPC VAMMUS
Inflation & discounting base year - 1988

Gen infla index (1967 to base yr ) 1.040

Gas infla index (1988 to baso yr) - 1.000

Oil infla index (19a8 to base yr) - 1.000

Col nfla Index (19C8 to base yr) - 1.000

Project start year - 1980
Project life (yr) - 30

Depreciation life (yr) - 15

General inflation rto (Z/yr) w a

Typo of gee escalation - *$as

Type of oil escalation - *oil

Type of coal escalation - ecoal

Discount rate (1/yr) w 10

Rate of return on.invest (/yr) - 17

Amount of working coLtal (month) - 2

Federal inccm4 tax rate (Z) - 34

Local prop tax (& inaur) rate (1) - 2

AZAL ESCALATION RATE (Z/yr)

TYPE OF FUEL 1988 1990 1995 2000 AND

FUEL ESCALATION -1990 -1995 -2000 BEYOND

Gas eggs 3.89 8.87 5.77 5.77

Oil eoil 4.86 7.87 4.1F 4.16

Coal ecoal 1.16 2.31 1.19 1.19

2:52 PH Oct 19, 1988
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C-P& TONW A",! I X 42 Stulhr #6 l[OIL. ECOKHIC rAwI - WOJIMUL VALES

Total steam output a 42.0 h tulhr Coat base year - 1968
Boilfir capacity facto". .715 Primary fuel a 6 FUEL OIL

Number of units for refit 1

ANALCOTS

# FUELI FUEL TOTAL MAINT OTER

OF STEA4 MICE CAPITAL PUTL O & M O &

TnCI(lgowox UNITS EY? SIMotu ts k$ V..L....
Natural gas boiler -- .800 .00 .0 .0 .0 .0

#2 Oil fired boiler -- .800 .00 .0 .0 .0 .0

8 Oil fird bollgr -- .400 3.07 .0 1208.5 150.3 44.5

Micronized coal refit 1 .800 1.48 2319.2 487.3 345.8 600.0

Slogging burner refit 1 .800 1.48 4026.2 48.3 345.8 600.0

Modular FTC refit, 1 .790 1.48 4631.1 403.5 329.1 587.2

Stoker firing refit 1 .760 1.57 2779.8 648.2 320.1 580.9

Coallwater slurry 1 .750 3.00 2068.4 1053.7 329.1 510.6

Coalloil slurry 1 .780 3.50 1835.9 1182.1 262.1 486.2

Low Btu tesifier refit 1 .679 1.87 3777.4 725.0 303.5 675.7

Packaged shell stoker 1 .760 1.87 3240.1 648.2 329.1 580.9

Packaged shell FC 1 .780 1.46 4060.1 513.0 320.1 587.6

Field erected stoker 1 .800 1.87 5845.6 615.8 327.1 575.0

Field erected TIC 1 .800 1i.A 8405.1 487.3 382.2 587.1

Pulverized coal boiler 1 .820 1.48 6797.0 475.5 386.2 816.8

Circuleting FBC 1 .A10 1.48 7556.0 481.3 327.1 637.7

AIR FORCE PROJECT PRIVATE PROJECT

LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST,

COAL DISCO4JTEO BENEFIT/ PAYBACK DISCOUNTED BENEFIT/

# OF USE, AS SPENT COST PERIOD, AS SPENT COST

TECM#0LOOY UNITS tonlyr k3 RATIO yr kS RATIO

Natural gas boiler .. .. 0 --

*2 OiL fired boiler .. .. 0 --

46 Oil fired boiler -- 23.239 1.000 <--- Existing system. yrimory fuel
Micronized coal refit 1 13,49: 14,236 1.632 5.4 15,768 1.474

Slegging burner refit 1 13,495 15.647 1.485 8.1 18,050 1.288

Modular FBC refit 1 13,66 15,956 1.456 8.9 18.661 1.245

Stoker firing refit 1 14,000 15,822 1.469 7.1 17,623 1.319

Coaleater slurry 1 14,395 18,475 1.258 9.9 20,005 1.162

Coalloil slurry Not evaluated
Low Btu gasifier refit 1 15.780 17.882 1.300 10.8 20.227 1.149

Packaged shell stoker 1 14,090 16,202 1.434 7.9 18,238 1,274

Packaged shell FEC 1 14,206 15,669 1.483 8.1 18.089 1.285

Field erected stoker 1 13,386 17,989 1.292 12.6 21,343 1.089

Field erected FBC 1 13,495 17,838 1.303 12.8 21,460 1.083

Pulverized coal boiler 1 13,166 18,318 1.269 13.8 22,145 1.049

Circulating FBC 1 13,329 18,634 1.247 14.8 22,839 1.018

2:52 Pf Oct 19. 1988
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%A4ND POWES A7I5 I X 42 MItylhr. DILD. 7U. rAL FMW ALATIl - AND IW7
Total Steam output - 42.0 totulhr

Doller capacity factor w .716
Mumber of unilts for refit - I

Hydrated Ila* prico(a1ton) .. 40.00 ODAL IK)ItJS
Ash disposal price (3eton) a 10.00 LQJ. ljoker
Electric price (cntslhlf) % 4.20 Ash fraction - .050 .040

Lab-or rate (k$1yr) - 35.00 Sulfur fraction - .010 .010
Limestone price (3/ton) " 20.00 I4V (Utullb) 17.2200. 12300.

FUE iucKs FUn. PIUC
Natural gaa price ($Iittu) w .00 R.O.H. col (Simstu. 1.48

#2 Oil price ($/1ttu) " .00 Staker coal (S/tILu) 1.17
#6 OiL price (S/tstu) W 3.67 Coal/20 mix (S/Mtu) - 3.00

OtION CoalloiLL ix (S1ttu) - 3.50
Soot blower multiplier - .0

Tub% bark sod mnltiplIer m .0 ?XLa arY fuel is I
Bottom Nth pit multiplier - 1.0 #6 FUEL OIL

OL control multiplier - .0 114 OIl, 2",#2 Oil. 3-NO
LXgSTMZILUK

Inert fraction - .05

ZCPWC 'AlAETni
Inflation & discounting bass year a 198
Con Intla Index (1987 i. base yr) - 1.040
Gas inftl Index (1985 to bass yr) - 1.000
OIL Infla index (1988 to base yr) - 1.000

Coal Infla Index (1988 to base yr) - 1.000

Project start year - 1990

Project life (yr) - 3G
Depreciation life (yr) - 15

Generel Inflation rate (1/yr) - 0
Type of ges escalation - egas

Type of oil escalation - coil
Type of coal escalation - *coal

Discount rate (I/yr) - 10
Rate of return on Invest (/yr) - 17

Amount of working capital (month) a 2
Federal income tax rate (2) - 34

Local prop tax (& Ansur) rate (I) w 2

REAL ESCALATIOEE RATE (IIvr)
TYPE OF FUEL 1988 1990 1995 2000 A.D

FUEL AT,00QE_ -19Q0 -1995 -2000 BEYOIND
Gas egas 2.28 4.70 5.49 2.75
Oil soil .17 4.16 5.55 2.77
Coal ecoal 1.46 1.76 1.61 .81

3:07 FM Oct 19, 1988



191

GLI = AMit I X A2 Mt,hr 6 101L8l. . Ardi xrALAT1m-AA

Total st4m Output - 4'.0 HItufh COOL bon* year * lts

toiler capacity factor U ,71 Misary fuel - #9 VVIEL OIL

Nubex of units for refit - I

A.I(VAL 0S

# UELj/ FUEl TOTAL FAIN? OTKM

OF STW . fPICE CAPITAL FUEL O& m 0 &

TEC1=OQLCGY UIITS m s/itsu ks kS ks ks
Natural ss boiler -- .600 .00 .0 .0 10 .0

#2 Oil fired boiler -- .800 .00 .0 .0 .0 .0
#6 Oil ftred boiler "- .100 .67 .0 1204.5 150.3 441.5

Mticronized coal ratit 1 .100 1.44 2313.2 467.3 345.3 600.0

Sleggina burner refit 1 o0 1.43 4026.2 47.3 345.8 600.0

Hodulor TIC refit 1 .790 1.43 4631.1 43.5 329.1 537.2

Stoker Citlng refit 1 .760 1.7 2770.3 643.2 3:9.1 530.9

CosL w4wtr slurry 1 .750 3.00 2063.4 1053.7 329.1 510.6

Cooloil slurry 1 .780 3.50 1335.9 1132.1 262.1 416.2

L.. Bu tasiffer refit 1 .679 1.67 3777.' 725.9 303.5 $75.7

ackoaoe shell stoker 1 .760 1.37 3240.1 645.2 320.1 510.9
Fsckaged shell TiC 1 .760 1.41 4060.1 513.0 329.1 537.6

Fild erected stoker 1 .300 1.87 5345.8 615. 327.1 575.0

Field erected M3C 1 10*1 1.43 6405.1 437.3 342.2 517.1

Pulverized coal boiler 1 .20 1.43 6797.0 475.5 346.2 615.8

Circulatia FIC 1 3to 1.48 75o.0 £$1.3 327.1 637.7

AR FMCE flOIC'T P RIVATE M.3CT

LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST.

COAL DISCOUNTED ILFTITI FAYDACK DISCO;71D IENXITI

# OF USE. AS SPENT COST EraIOO, AS SPENT COST

TICHN=Y "ITS tonlvr k3 RATIO . k$ RATIO

Natural gas boitar - 0
#2 Oil fired boiler 0 -"

#6 Oil fired 2iler .- - 19,036 1,000 -- Existing system. rim,,f fuel

Micronized coal refit 1 13,495 14,159 1.345 7.6 15.669 1.213

Sloglng burner refit 1 13,495 15,570 1.223 12.3 17.970 1.059

Modular FBC refit 1 13,666 15,877 1.199 13.5 18,551 1.025

Stoktr firing refit. 1 14,090 15,719 1.211 11.3 17.517 1.067

Ccsl/wateor slurry 1 14,395 18,307 1.040 22.5 10,633 .960

Coal/oil slurry Not evaluated

Low Btu iessifier refit I- 15.780 17.767 1.072 20.1 20.105 .947

Packaged shell stoker 1 14,090 16,099 1.163 12.8 18,132 1.050

Packaged shell FBC 1 14,205 15.588 1.221 12.3 16,005 1.057

Field eracLid stoker 1 13,365 17,891 1.064 21.9 2L,242 .896

Field erected FBC 1 13,495 17,760 1.072 21.5 21,360 .890

Pulverized coal boiler 1 13,166 18,243 1.044 24.4 22,067 .863

Circulatinr FBC 1 13,329 18,558 1.026 26.8 22,761 .836

3:07 PH Oct 19, 1988
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MW ZM An! I X 42 Mtlhr f3ift. iSnC. AL Lr.1 ATrA -

Total, &ter output. 4 ,2.0 HBLUhr

Boiler capacity factor - .716

tunmber oZ units for refit - 1

Hydrated lir* price($1Lon) - 40.00 COL PMorMIX

Ash disposea price (3iton) lO.p' L.OlM.
Electric price (cMntskh) 4.20 Ash fraction " .080 .010

Labor rate (0$1y) - 35.00 Sulfur frection .010 .010

Limestone price (5/ton) w 20.00 MV (Utullb) 12200. 12300.
FU PICES TU IC CS

Matural. $ea price (311Yu) .4 .00 R.O.P. coa). (3teu) *, 1.45
#2 Oil price ($15ILu) i, .0 Stoker coal ( / / u) ., 1.&7

#6 0i. price (/lttu) - 3.67 Coel120 mix (3/13tu) 3.00

OtIONS Cool/ill Mix (3113u) 3.50

Soot, blower multipLier .0

Tube bank mod multiplier .0 Primary fuel is 1
Bottom ash pit, Multiplier - 1.0 #6 FUEL 011,

502 control multiplier - .0 18 01., 2-42 Oil. 3-N;

L1WESTMIL1I6

Inert fraction .05

ZCOWMC PARAIKTZU3
If1ation & discounting base year - 1955

Gn infle index (1957 to base yr) - 1.04O

Gas In la Index (198 to base yr) " 1.000

OiL Infla index (195 to base yr) - 1.000

Coal. infl, index (1985 to base yr) 1.000

ProJect. start year 1990

Project life (yr) - 30
Depreciation life (yr) 15

Gan.iraL ir.flation rate (2/yr) - 0

Type of gas escalation - tero

Type of oil escalation - zero

Type of coal escalation - tero

Discount rate (21yr) - 10

Rate of return on invest (2/yr) - 17

A.ount oi working capital (month) - 2

Federal Income tax rate (Z) - 34

Local prop tax (& inaur) rate (2) - 2

REAL ESCALATIO.I RATE (/Yr)

TYPE OF FUEL 1988 1990 1995 2000 A(D

FUEL E.CALAT1OI -1990 -199. -Z000 BEYONID

Gas zero 0 0 0 0
OIl. zero 0 0 0 0
Coal zero 0 0 0 0

3:13 PH Oct 19, 1988
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GRM mW A I X 42 I1tulhr t UOl. j UU. UAL nCALAT1] m,
Total at... Output . 42.0 HtluJhr Cost. base year . 191

Doilar capeo.ty factor - .716 P1imry fuel *6 FUZEL OIL
Xumber of Un it* for refit - 1

# FUJEL/ YUL. T0TAL HAINT OTMlER

OF sOF r m rRICZ CAPITAL FUoEL 0 H o I

UMWaVITS Err 3112w Its lt 1($ s
Natural gas boiler - .800 .00 .0 .0 .0 .0

#2 01) fired boileor -- .100 .00 .0 .0 .0 .0
#4 OIl ltred boiler .00 3.67 .0 1208.5 IS0.3 441.2

lcronited coal refit 1 .800 1.4l 2319.2 411.3 345.8 600.0

Slagging b or refit 1 .800 1.45 4026.2 457.3 345.6 600.0

Hodular TIC refit 1 .790 1.48 4631.1 493.5 329.1 557.2
stoker firing refit 1 .760 1.W7 2779. 145.2 329.1 540.9

Coal/later slurry 1 .750 3.00 2088.4 1053.7 320.1 510.8

Col/ol slury 1 .710 3.50 1535.9 1162.1 262.1 456.2

Lo! Itt' aesiflor refit 1 .679 1.7 3777.4 725.9 303.5 475.7

rackaged shel. stoker 1 .760 1.87 3240.1 648.2 329.1 5.0.2

Vackaged shall TIC 1 .760 1.45 4060.1 513.0 329.1 557.6
Field erected stoker 1 .800 1.5) 544. 615.1 327.1 575.0
Field erected TIC 1 .800 1.45 6403.1 457.3 352.2 557.1
Pulverized coal boiler 1 .520 1.45 6707.0 475.3 316.2 616.8

Circulatins EN 1 .10 1.45, 7556.0 441.3 327.1 $37.7

AIR TOCE "1OJEJT rRIVAT ?ID MET
LIFE LIFE
CYCLE! C!CLE
CrST, DISCOUNTED COST,

COAL DISCOUtTED 5,EWITI FAYA-CK DISCOUWTED iEMUITI
OF USE. AS SPENT COST 1EIOD, AS $PINT COST

TEHOLOGY UNITS tonlyr RS .ATIO yr kS RATIO
Natural gsa boiler .. .. 0 --

#2 Oil tired boilor -- 0 --

#1 Oil fired byiler .. . 14,.253 1.000 '--- Existi a system. rrlmery fuel

Hicronized cost refit. 1 13.495 13,480 1.057 12.9 14,991 .951

Slogging burner refit, 1 13.495 14,691 .157 N,31 17,272 .625
Modular FC refit 1 13.6&5 15,190 .938 )31 17,874 .797

Stoker firing refit 1 14,090 14,516 .962 231 16.568 .559

Coal/water slurry 1 14,395 16,640 .846 >31 15,323 778

Coal/ll slurry Not, evaluated
Low Btu assifter refit. 1 15.J0 16,755 .051 >31 m .74'

Packaged shell stoker 1 14,090 15,196 .938 >31 17.203 .6a9

Packaged shell FBC 1 14,206 14,873 .958 >31 17.270 .82S

Field erected stoker 1 13,386 17,033 .837 >31 20.3bu .700
Field erected FC 1 13,495 17,082 .834 z31 20,682 .659

Pulverized coal boiler 1 13,166 17.581 .611 >31 21,386 .666

Circulatins FbC 1 13.329 17,887 .797 >31 22,071 .646

3:13 PH Oct. 19. 1988
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MINOT: SAC

1. BACKGROUND

Minot APB is located near Hinot, Worth Dakota. The central heating
plant is of interest for this study. The base hospital also has a
hearing plant which is far too small for coal-firing consideration.

The central heating plant has six water-tube boilers that burn
natural gas or No. 6 oil (for backup) to produce 400"F hoc warer.
Two boilers (42 and 25 MBcu/h) originally burned coal and were later
converted to burn gas or oil; the remaining boilers were designed
for residual oil. No coal equipment is still present. Yearly
average fuel use is about 50 HBtu/h.

2. HEATING PLANT UNITS

[fearing Plant No. 413:

2 x 25 MBtu/h, International Boiler Works, 1956
25 XBtu/h, International Boiler Works, 1960
2 x 25 MBtuh, Combustion Engineering, 1957
42 MBtu/h, Babcock & Wilcox, 1963

3. IDEAL CAPACITY FACTOR ANALYSIS

Based on monthly fuel-use data, the ideal capacity factors listed
below were calculated for plant No. 413.

PY 1985 FY 1988
Fuel ideal ideal
input capacity capacity

(HBtu/h) factor factor

40 0.79 0.78
50 0.75 0.73
60 0.70 0.68
70 0.66 0.63
80 0.61 0.58
90 0.57 0.53
100 0.53 0.48

4. ENERGY PRICES

FY 1986 Price Data:

Electricity = 3.2¢/kWhr
Distillate = $5.90/HBtu
Natural gas = $3.90/HBtu

The data show no residual oil was purchased in FY 1986.
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C. H. Guernsey and Co. Survey'

Electricity = 1.45c/kWh
Residual = 2.53/MBcu (looks suspect)
Natural gas a $4.18/HBtu

The C. II. Guernsey and Co. vurvey gives No. 6 as the secondary fuel,
costing only $0.38/gal. The survey also gives electricity as being
very cheap. It is possible that the oil was purchnsed when oil
prices were very low.

Letter from IIQ SAC (10/27/88):

Electricity = l.52c/kWhr
Natural gas - $3.60/HBtu

5. COAL PROPERTIES AND PRICES

Stoker ROM

Origin Morhland, Utah Horhland, Utah
1illY, Btu/lb 12,300 120200
X Ash 8 8
X Sulfur 1 1
X Nitrogen 1.2 1.2
Ash-softening tcmperature, 'F 2300 2300
Swelling index 1 1
Top size, in. 1 1/4 1 1/2
Bottom size, in. 1/4 0
Fines, X 10 45
Grindability index 41 41
Cost at mine, S/ton 32 22
Delivered cost, $/ton 46 36
Energy cost, $/106 Btu 1.87 1.48

6. ENVIRONMENTAL REGULATIONS

6.1 Air Pollution Emission Limits for New So rces

SO.. For boilers >30 and <100 HBcu/h: 3 lb/HBtu.

NOx . No emissio. limits for boilers >30 and <100 MBtu/h.

Particulates. For boilers >30 and <100 MBtu/h:
E = 0.811 (MBtu/h)-0 .13 1 = 0.5 lb/NBtu for 42 MBtu/h.

6.2 Coal-Pile Runoff

Limit: Total s.spended solids - 50 mg/L.
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6.3 Ash Disposal

Ashes are classified as nonhazardous industrial solid waste and
may be disposed of in any approved sanitary landfill.

7. OTHER CONSIDERATIONS

This base is situatced near sources of lignite.

8. COAL-CONVERSION PROJECT OUTLOOK

An obvious project would be to convert/replace the 42-Hltu/h unit
(-54 HBcu/h fuel input). The overall capacity factor, assuming a
90% availability, is estimated to be about 65%.

8.1 Effect of Environmental Regulations on Selection of Combustion
Technologies

SO2 and NO.* Any of the combustion technologies being consid-
ered could be employed without requiring any measures for NO,
or SO2 reduction since the proposed conversion project is
smaller than 100 HBtu/h and the coal has a low sulfur content.

Particulates. Bag filters or electrostatic precipitators would
be required to comply with the particulate emission limits.

8.2 Physical Space and Aesthetics

Heating Plant. The existing boiler plant was originally
designed for coal. There is space available for reinstalling
combustion equipme,:t at the existing boiler or for construction
of a new boiler at another site on base.

Coal-1landling Equipment. There is space available for install-
ing coal-handling equipment at the existing boiler.

Coal. Pile. There is space available for a coal pile at the
existing boiler plant or at a new site on base.

8.3 Technical Risk of Combustion Technologies

The least technical risk would be for refit of stoker firing to
the existing boiler, since it was originally designed for this,
or installation of a new stoker-fired boiler. The other tech-
nologies would have greater technical risks because of lack of
operating experience, and all of them would be of the same
order since the existing boiler is designed for coal firing.

9. COGENERATION PROJECT OUTLOOK

Cogeneration would not be economical at this base because of the
very low electric power rates from the electric utility company.
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10. INPUT X%( LCC SUMMARY SPRZADSHEETS

KHlK? AntI I X 42 11tu/hr. IOIK(C FAIMETIS Il l ALUU

Total stiam output - 42.0 Hltulhr

Boiler capacity factor - .6"

Nuber of units for refit - I

Hydrated lime price(3lton) - 40.00 COAL MrI TIU

Ash disrosel price (5/ton) 10.00 RLOLH. Stoker

Electric price (conts/kWh) - 1.50 Ash fraction - .080 .010

Labor rate (kS/yr) 35.00 Sulfur fraction - .010 .010

Limestone price (5/ton) - 20.00 IXV (Itulb) - 12200. 12300.

YUEL PICES I= PICSC

Natural &at price (SItMtu) 3.60 R.O.. coal (S/1Htu) - 1.49

#2 Oil price ($1S/tu) - .00 Stoker coal ($/'tu) - 1.87

#6 Oil price (S1 tu) - 3.67 Coal/KiO mix (S/t1tu) - 3.00

OPTXNS Coal/oil mix (5/tHtu) - 3.50

Soot blower multiplier - .0

Tube bank mod multiplier - .0 PrivA".' fuel Is 3

Bottom ash pit multiplier - 1.0 NATURAL GAS

S02 control mult lier - .0 1-f6 Oil, 2-#2 Oil, 3-NO

L 3U 5/LDKl

Inert fraction - .05

] o1 C PANMTES

Inflation & discounting base year - 198

Gen infla index (1987 to base yr) - 1.040

Gas Intla index (1968 to base yr) - 1.000

Oil Inflo index (1988 to base yr) - 1.000

Coal infla index (1985 to base yr) - 1.000

Project start year - 1990

Project life (yr) - 30

Depreciation life Cyr) - 13

General inflation rate (Ilyr) - 0

Type of gas escalation - egas

Type of oil escalation - *oil

Type of coal escalation - ecoal

Discount rate (2/yr) " 10

Rate of return on invest (Ilyr) - 17

Amount of working capital (month) - 2

Federal income tax rate (I) - 34

Local prop tax (& insur) rate (Z) - 2

REAL ESCALATION RJTE (2!yr)

TYPE OF FUEL 1988 19c 1995 2000 AND

FUEL ESCALATION -990 -1995 -2000 BEYOND

Gas egas 3.89 6.87 5.77 5.77

Oil eoil 4.86 7.87- 4.16 4.16

Coal ecoal 1i 2.31 1.19 1.19

2:06 PH Jan 4. 1989
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HIPOT &%l I X 42 Mltulhr. ZWOlIC P ZIMTUS - N=INAL VALU,

Total ateam output - 42.0 Mltu/hr Cost bae year - 19s

Boller capacity factor .645 Primary fueL - NATULt GAS

Nsaber of units for refit - 1

AINIJAL COSTS

# FUEL/ FUEL TOTAL 1AINT OTttR

OF STEMH PRICE CAPITAL FUEL O A M O& M

TECNNOLOS' UNITS KI" S11atu kS kS kS k3

Natural gas boiler -- .800 3.60 .0 1069.5 150.3 427.6

#2 Oil fired boiler -. ,800 .00 .0 .0 .0 .0

#6 Oil fired boiler -- .800 3.67 .0 1090.3 150.3 427.6 r

MIcronized coal refit 1 .800 1.48 2319.2 439.7 345.8 557.4

Slaggins burner refit 1 .800. 1.48 4026.2 439.7 345.8 557.4

Modular M]C refit 1 .790 1.45 4631.1 445.3 329.1 553.4

Stoker firing refit 1 .760 1.87 2779.8 584.8 329.1 551.6

Coal/water slurry 1 .750 3.00 2068.4 950.7 329.1 481.3

Coalloil slurry 1 .780 3.50 1835.9 1066.5 262.1 457.5

Low Btu rsatfier refit 1 .679 1.87 3777.4 655.0 303.5 584.5

Packaged shell stoker 1 .760 1.87 3240.1 584.8 329.1 551.6

Packaged shell TFC 1 .760 1.48 4060.1 462.8 329.1 553.8

Field erected stoker 1 .000 1.87 5845.6 555.6 327.1 549.2

Field erected TIC 1 .800 1.48 6405.1 439.7 382.2 553.3

Pulverized coal boiler 1 .820 1.48 6797.0 429.0 386.2 586.4

Circulating FI 1 .f012 1.46 7556.0 434.3 327.1 593.2

AIR FORCE PR 3JECT PRIVATE PROTCT

LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST,

COAL DISCOUNTED BENEFIT/ PAYBACX DISCOUNTED BENEFIT/

# OF USE, AS SPENT COST PERIOD. AS SPENT COST

TEfleOLOGY UNITS tonlyr cS BaTIO yr ks RATIO

Natural gas boiler .. .. 23,4,)6 1.000 --- Existing system, primary fuel

#2 Oil fired boiler .. .. 0 --

f6 Oil fired boiler .. .. 2|,276 --

Micronized coal refit 1 12,176 13,460 1.743 6.0 14,970 1.567

Slogging burner refit 1 12,176 14,871 1.577 6.9 17,251 1.360

Modular FBC refit 1 12,330 15,241 1.539 9.8 17,927 1.308

Stoker firing refit 1 12,713 15,001 1.564 7.9 16,779 1.398

Coal/water slurry 1 12,988 17,284 1.357 10.5 18,780 1.249

Coal/ol slurry Not evaluated

Low Btu zesifir refit 1 14.238 16.509 1,421 10.8 18.815 1.247

Packaged shell stoker 1 12,713 15,381 1.525 8.8 17,394 1.349

Packaged shell FBC 1 12,817 14,937 1.570 9.0 17,336 1.353

Field erected stoker 1 12,077 17,226 1.362 13.4 20,558 1.141

Field erected FBC 1 12,176 17,130 1.369 13.6 20,732 1.131

Pulverized coal boiler 1 11,879 17,647 1.329 14.7 21,455 1.093

Circulating FBC 1 12.026 17,848 1,314 15.4 22,031 1.065

2:06 P2M Jan 4, 1989
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MOIUOT Af, I 2 ltul'hr. r= sEm 1awlfTIOU - N 197

Total stem output - 42.0 Httu/hr

3oile: capacity factor - .646

Number of units for refit - I

Hydrated Jim* price(a/ton) o 40.00 COL PtmtliI

Ash dispoaal pTIce (S/ton) " 10.00 liL Stoker

- Electric price (centa/kih) " 1.50 Ash fraction- .050 .030

Labo: rate (kSlyr) - 35.00 Sulfur fraction- .010 .010

Limeatone price (S/ton) - 20.00 MuY (Itullb) - 12200. 12300.
FUR. PCKS FUV. PUtCKS

Natural gas price (S1tmtu) - 3.60 X.O.H. coal (S/Hgtu) - 1.45

#2 Oil price (S/gtu) a .oo Stoker coal (/itatu) a 1.67

#6 Oil price (S/11tu) - 3.67 Coal/H20 mix (S/ttu) - 3.00

OPTIONS Coaloil. six (/~tltu) - 3.50
Soot blower ,ultiplier - .0

Tuba bank mod multiplier - .0 Primary fol. is 3

Bottom ash pit multiplier - 1.0 KATWAL GAS

S02 control multiplier " .0 Ifl OiL, 2" fZ Oil, 3-NG

Inert fraction - .05

?4CONOKIC PRArTR

Inflation & discounting base year 1986

Gen infla index (1987 to base yr) - 1.040

Gas infla index (1988 to base yr) - 1.0v0

Oil infla Index (1988 to base yr) - 1.000

Coal infla index (1988 to base yr) - 1.000

Project start year - 1990

Project life (yr) - 30
Depreciation life (yr) - 15

General Inflation rate (lyr) - 0

Type of gas escalation - egas

Type of oil escalation - soil

Type of coal escalation - eoal

Discount rate (1/yr) - 10

Rate of return on invest (Z/yr) - 17

Amount of vrrkLng capital (month) - 2

Federal income tax rate (M) - 34

LccaL prop tax (& insur) rate (1) - 2

REAL ESCALATION RATE CTVyr)
TYPE OF FUEL 1988 1990 1995 2000 AND

FUEL ESCALATION -1990 -1995 -2000 BEYOND

Gas egas 2.28 4.70 5.49 2.75

Oil *oil .17 4.16 5.55 2.77

Coal ecoal 1.46 1.76 1.61 .81

11:13 AH Jan 11, 1989
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HIW T A: I X 42 I~tbr. F, IAL FSCAIATISE - AM 167

Total steam output m 42.0 HMtu/hr Cost bass year 1988

boiler capacity factor - .646 Primary fuel - ATU.AL GAS

Number of units for refit - 1

NMAL COSTS

# FUEL/ FUEL TOTAL IAINT OTHER

or STAm RICE CAPITAL FUEL O & O & AK

TTCNROLM3 R#ITS ETT 3112tu Ics kcS Ic k3

Natural ias boiler -- .600 3.50 .0 1069.5 150.3 427.6

#2 OIL fired boiler -- .800 .00 .0 .0 .0 .0

46 Oil fired bIgler -- .600 3.57 .0 1090.3 150.3 427.6

Kicronixed coal refit 1 .800 1.46 2319.2 439.7 345.6 557.4

Sltgging burner refit 1 .800 1.41 4026.2 439.7 345.6 557.4

Modular FbC refit 1 .790 1.46 4631.1 445.3 329.1 553.4

Stoker firing refit 1 .760 1.67 2779.8 514.6 329.1 551.6

Coallwater slurry 1 .750 3.00 2068.4 950.7 329.1 461.3

Coal/oil slurry 1 .780 3.50 1835.9 1066.5 262.1 457.5

Loy Btu gealfier refit 1 .679 1.67 3777.4 655.0 30.5 584.5

rackaged shell stoker 1 .760 1.47 3240.1 564.8 329.1 551.6

Packaged shell FIC 1 .760 1.48 4060.1 462.6 329.1 553.8

Field erected stoker 1 .800 1.87 5845.6 555.6 327.1 549.2

Field erected FIC 1 ,800 1.48 6401.1 439.7 392.2 553.3

Pulverized coal boiler 1 .820 1.45 6707.0 429.0 386.2 586.4

Circulatin& FC 1 .610 1.46 7558.0 434.3 327.1 593.2

AIR YORCE PROJECT PRIVATE PROJ=CT
LIFE LIFE

CYCLE CYCLE

COST. DISCOUNTED COST,
COAL DISCOUNTED BENEFIT/ PAY/ACK DISCOUNTED BENEFIT/

CF USE, AS SPET COST ERMIOO, AS SPENT COST

TECH.OLOSY UPITS ton/yr kS RATIO 7r IkS PATIO

Natural gSa boiler .. .. 10,044 1.000 c--- Existing system, primary fuel

#2 Oil fired bciler .. .. 0 --

ff Oil fired boiler .. . 17,047 --

Micronized coal refit 1 12.176 13,390 1.348 8.0 14,898 1.211

Slogging burner refit 1 12,176 14.801 1.219 12.6 17,179 1.050

Modular FC refit 1 12,330 15,171 1.189 14.1 17,854 1.611

S.oker firing refit 1 12,713 14.908 1.210 11.5 16,683 1.082

Coal/water slurry 1 12.988 17,132 1.053 20.7 18,624 .969

Coal/oil slurry Not evaluated

Low Btu gasifier refit 16. 14.238 15.405 1,100 17.8 18.707 .965

Packaged shell stoker 1 12,713 15,258 1.180 13.1 17,298 1.043

Pockaged shell FBC 1 12,817 14,863 1.214 12.8 17,260 1.045

Field erected stoker 1 12,077 17.137 1.053 23.1 20,467 .882

Field erected FBC 1 12,176 17,060 1.058 22.9 20,660 .873

P-lverized co&L boiler 1 11,879 17,579 1.026 26.5 21,385 .844

Circulating F 1 12,026 17.779 1.015 28.4 .960 .82

11:13 AM Jan 11, 1989
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1(16T An, I X 42 ltulhr. F M RMA, m-LATOW - MRO

Total ateam output - 42.0 Mtuhr

Boller capacity factor a .456

Number oC units for refit a I

Hydrated lime price($1ton) w 40.00 COAL MII2TIES

Ash disposal price (S/ton) 10.00 R.O.H. S2h±o

Electric price (cents/kfh) 1.50 Ash friction - .080 .080

Labor rate (k/yr) 35.00 Sulfur fraction .010 .010

Limestone price (3/ton) 20.00 IM (Btu/lb) w ;2200. 12300.

FU nCZS FUEL PRICES

Hatural &as price (S/t1tu) - 3.60 R.O.H. coal (SIK~tu) a 1.48

f2 Oil price (SIlltu) % .00 Stoker coal ($/tutu) - 1.87

f6 Oil price (S3htu) - 3.67 Coal/1120 mix (SlMtu) 3.00

O'TION Coal/oil mix ($/H/tu) - 3.50

Soot blower multiplier % .0

Tube bank imod multiplier a .0 Primry fuel is 3

Bottom ash pit multiplier - 1.0 NATURAL GAS

S02 control multiplier w .0 1-05 Oil, 2-f2 Oil, 3-*G

LINESTONT/LID

Inert fraction - .05

ECO4KIC PARAMf

Inflation & discounting base year - 1988

Gen Infla index (1987 to base yr) - 1.040

Gas infla Index (1988 to base yr) - 1.000

Oil infla index (108'- to base yr) - 1.000

Coal Infla index (1986 to base yr) - 1.000
Project start year - 1990

Project life (yr) - 30

Depreciation life (yr) - 15

General inflation rate (Zlyr) - 0

Type of gas escalation - zero

Type of oil escalation w zero

Type of coal escalation - zero

Discount rate (Z/yr) - 10

Rate of return on invest (X/yr) - 17

Amount of working capital (month) - 2

Federal income tax rate (1) - 34

Local prop tax (& insur) rate (Z) a 2

REAL ESCALATION RATE (2/yr)

TYPE OF FUEL 1988 1990 1095 2000 AND

FUEL ESCALATION -1990 -1995 -2000 BEYOND

Gas zero 0 0 0 0

Oil zero 0 0 J 0
Coal zero 0 0 0 0

11:23 AN Jan 11, 1989
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MINOT Ani: I X 42 IUtuibr. PrM, X&. SCALTION - ZW

Total stem output f 42.0 MHtuhr Cost base year 198

Boiler capacity factor - .646 Primary fuel w NATURtAL GAS
Nmber of units for refit I

ANNUAL COSTS
# FUEL/ FUEL TOTAL iAINT OTHER

OF STEA4 MICE CAPITAL FUEL 0 & M 0 & H

TECaq*LOGy UNITS EFF 3/l12tV k3S I ks S Wz
Natural gas boiler -- .800 3.60 .0 1060.5 150.3 427.6

f2 Oil fired boiler -- .800 .00 .0 .0 .0 .0

6 Oil fired boiler -- .800 3.67 .0 1090.3 150.3 427.j

Micronized coal refit 1 .800 1.48 2319.2 439.7 345.8 557.4

Slogging burner refit 1 .800 1.48 4026.2 439.7 345.8 557.4

Modular FZC refit 1 .790 1.48 4631.1 445.3 329.1 553.4

Stoker firing refiL 1 .780 1.87 2779.8 554.8 322.1 551.6

Coal/water slurry 1 .750 3.00 2068.4 950.7 329.1 481.3

Coal/oll slurry 1 .780 3.50 1835.9 1056.5 262.1 457.5

Low Btu sasifter refit 1 .879 1.87 3777.4 655.0 303.3 584.5

Packaged shell stoker 1 .760 1.87 S240.1 584.8 320.1 551.6

Packaged shell FBC 1 .760 1.46 4060.1 462.6 329.1 553.6

Field erected stoker 1 .800 1.67 5845.6 555.6 327.1 549.2

Field erected FBC 1 .800 1.48 6405.1 439.7 382.2 553.3

Pulverized coal boiler 1 .820 1.46 6797.0 429.0 386.2 586.4

Circuletinx FPC 1 .810 1.48 7556.0 434.3 327.1 593.2

AIR FORCE PROJECT PRIVATE P0JC

LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST,

COAL DISCOUNTED BENEFIT/ PAYBACX DISCOUNTED BENEFIT/

* OF USE, AS SPENT COST PERIOD. AS SPENT COST
TECH KO ,oY UNITS ton/yr k$ RATIO Yr kS RATIO

Natural gas boiler .. .. 13.008 1.000 <--- Existing system, primary fueL
f2 O11 fired boiler .. 0 --

46 Oil fired boiler -- -- 13.170 --

Micronized coal refit 1 12,176 12,777 1.018 19.8 14,268 .912

Slagging burner refit 1 12,176 14.186 .917 >31 16,549 .786

Modular FBC rafit 1 12,330 14,551 .894 >31 17,216 .756

Stoker firing refit 1 12,713 14,093 .923 >31 15,845 .821

Coallwater slurry 1 12,988 15,808 .823 >31 17,263 .754

Coal/oil slurry Not evaluated

Low BLtu sasifier refit 1 14.238 15,492 .840 >31 17.769 .732

Packaged shell stoker 1 12,713 14,474 .899 >31 16,461 .790

Packaged shell FBC 1 12,817 14,219 .915 >31 15,597 .784

Field erected stoker 1 12,077 16,363 .795 >31 19,672 .661

Field erected FBC 1 12,176 16,447 .791 >31 20,030 .649

Pulverized coal boiler 1 11,879 16,981 .766 >31 20,770 .626

CirculatinA FBC 1 12,026 17.174 .757 >31 21,338 .610

11:23 AM Jan 11, 1989
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PEASE AFB: SAC

1. BACKGROUND

Pease AFB is located near Portsmouth, New Hampshire. The steam
plant consists of two l10-XBtu/h water-tube units firing natural gas
as the primary fuel and No. 6 oil as the secondary fuel. A refuse-
derived fuel has also been used in these boilers. These boilers
were originally designed for residual fuel oil combustion. Average
annual fuel use was about 42 NBtu/h for FY 1986. Refuse-derived
fuel was about 45% of the total.

2. HEATING PLANT UNITS

Heating Plant No. 124:

2 x 110 HBtu/h, Combustion Engineering, 1955

3. IDEAL CAPACITY RACTOR ANALYSIS

The ideal capacity factors listed below were calculated from monthly
fuel-use data for plant No. 124.

FY 1986
Fuel ideal
input capacity
(HBtu/h) factor

40 0.68
50 0.64
70 0.56
90 0.47

110 0.39

4. ENERGY PRICES

FY 1986 Price Data:

Electricity = $15.5/HBtu = 5.3c/kWh
Distillate= $5.91/HBtu
Residual = $4.54/HBtu
Natural gas = $3.8/HBtu
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5. COAL PROPERTIES AND PRICES
Stoker RON

Origin Slago, Pa. Slago, Pa.
IIIIV, Btu/lb 13,000 12t800
Z Ash 7-9 8-10
Z Sulfur 1.8-2.2 1.8-2.2
Z Nitrogen 1.32 1.30
Ash-softening temperature, "F 2500 2300
Swelling index 6-8 6-8
Top size, in. 1 5/8 2
Bottom size, in. 1/2 0
Fines, X 5
Crindability index 50-55 50-55
Cost at mine, $/ton 40 26.50
Deliveeed cost, $/ton 66.60 53.10
Energy cost, 4/106 Btu 2.56 2.07

The coal prices quoted above assume rail delivery to Pease AFB. The
base is currently removing its rail connection because it crosses a
major highway. If coal has to be delivered by truck, delivered
costs could be higher by as much as 10.50/HBtu.

6. ENVIRONHENTI' REGULATIONS

6.1 Air Pohudtion Emission Limits for New Sources

SO. No emission limits for boilers <100 NBtu/h; for boilers
>100 KBtu/h: FBC - 90% reduction to meet limit of 1.2 lb/
MBtu; emerging technology - 50% reduction to meet limit of
0.6 lb/MBtu.

No.. No emission limits for boilers <100 NBtu/h; for boilers
>100 HBtu/h: spreader stoker and FBC - 0.6 lb/KBtu; pulverized
coal - 0.7 lb/HBtu.

Particulates. For boilers >100 MBtu/h: 0.05 lb/Btu.

6.2 Coal-Pile Runoff

Limit: Total suspended solids - 50 mg/L.

6.3 Ash Disposal

Ashes are classified as nonhazardous industrial solid waste and
may be disposed of in any approved sanitary landfill.

7. OTHER CONSIDERATIONS

None
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8. COAL-CONVERSION PROJ'CT OUTLOOK

Replacementrefit of one boiler may be attractive. It is estimated
that the overall crpacity factor for convergion of one 11O-HBtu/h
unit to coal, but derated to 75 HBLu/h output (-94 HBcu/h fuel
input) to avoid environmental regulations, would be roughly 41%
assuming 90Z availability.

8.1 Effect of Environmental Regulations on Selection of Combustion
Technologies

SO and NOx. Any of the combustion technologies being consid-
ered could be employed without requiring any measures for NO,
or SO2 reduction since the proposed conversion project is
smaller than 100 HBtu/h.

Particulates. Bag filters or electrostatic precipitators would
be required to comply with the particulate emission limits.

8.2 Physical Space and Aesthetics

Heating Plant. The existing boiler plant was originally
designed for No. 6 oil, so return to stoker is not possible.
There is space available for installing coal combustion equip-
ment at the existing boiler or for construction of a new boiler
at another site on base.

Coal-Handling Equipment. There is space available for install-
ing coal-handling equipment at the existing boiler.

Coal Pile. There is space available for a coal pile at the
existing boiler plant or at a new site on base.

8.3 Technical Risk of Combustion Technologies

The existing boilers are designed for No. 6 oii-firing and
therefore are not sutiable for conversion to stoker-firing, but
they could be converted to coal-water mixture or micronized
coal-firing. Since the peak winter fuel use is about 85
HBtu/h, one of the ll0-HBtu/h boilers could be derated to 68%
capacity and meet the peak load. This would make the technical
risk low for either coal-water-mixture or micronized coal.

9. COGENERATION PROJECT OUTLOOK

The prospects for a coal-fired cogeneration system appear to be
marginal. The minimum average monthly electrical load is fairly
low, 3.2 MWe, and the price of electricity is only moderately high,
5.3c/kWh. Based on the FY 1986 energy-use data, a cogeneration
plant with a boiler rating of 64 MBtu/h output and a 3-MWe turbine-
generator would have an electrical power capacity factor of 90% and
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a peak thermal output of 40 HBtMu/h with a thermal energy capacity
factory of about 65% if used as a baseload heating plant. A water-
tube boiler with a steam rating of 1200 psia and.900'F woul4 be the
most suitable boiler for this cogeneration system,
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10. Z)X1UT Ma~ =~ SWVtAAY 51r2A04!!T3

rA AFIt I X 75 LUcuIr. ZQQPWC 1'/RMqflM3 -N "INAL VALUES

Total *team output - 75.0 Pt /h:

Boller capacity factor " .40?
Number of units for refit. I
Hydrated line priceflton) - 40.03 COAL lROMILTIM

Ash disposal price ( lton) " 10.00 L2Aia. Soktr
Electric price (can ,ekh ) 3.30 Ash fraction - .090 .010

Labor rate (kSlyc) ", 35.00 Sulfur ftaction % .020 .020
Limestone price (Slton) u 20.00 IW (Stulb) " 12800. 13000.

YM PuC1 rMu M~czS
HaturAl a price (312i'iu) 3.80 R.O.H. coal (S32u) * 2.07

#2 Oil price ($1jt'u) M .00 Stoker coal (SIBL u) - 2.56
#6 Oil price (Sjlu) 0 3.67 Coall20 mix (SIPU.u) * 3.00

OPTIONS Coallo:l. Mix (8lt.u) * 3.50

Soot, blower wsulkiplier * .0
Tube bank mod multiplier " .0 rima.ry fuelL In 3

Bottom ash pit multiplier 1.0 NATURAL. GAS
502 control multiplier - .0 18f 011. 2#Z Oil, 3-.0

LD4ESTOILIM
Inert fraction - .05

4 XCONCC MMNI.
Inflation & discounting base year " 1988
Gan infla Index (1937 to bast y:) o 1.040
Gas infla Index (1988 to base yr) * 1.000

Oil infla Index (1988 to base yr) w 1.000
Coal. infla index (1985 to base yr) - 1.000

Project, start year - 1990
Project life (yr) - 30

Depreciation life (yr) a 15
Gener l Inflation rate (Zlyr) - 0

Type of gas escalation a *gas
Type of oil escalation - aoil

Type of coal. escalation - *coal.

Discount rate (Ilyr) - 10

Rate of return on invest (Ilyr) - 17

Amount of working capitl. (onth) - 2

Federal Income tax rate (2) - 34

Local prop tx (& Insur) rate (2) w 2

REAL ESCALATION~ RATE Cl1yr)
TYPE OF FUEL 1988 1990 1985 2000 AND

FUEL ESCALATION -1990 -1995 -2000 BEYOND

Gas egas 3.89 8.87 5.77 5.77

OIL soil 4.86 7.87 4.16 4.16

Coal accal 1.16 2.31 1.19 1.19

4:20 PH Oct 21. 1988
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M1E Afli I X 75 M1&yfhr. ZQP4TC rKj - MUEL YAMI7
Total &Lem output * 75.0 it*u/hr Cost base year - tell

loiler €xpAcIty factor * .40? Primary fuel o XAW', AL UA3

Number of units for tfi- 1

# TUMLI FUL TOTAL Kd)(T OTHER
OF STE TEICE CAPITAL FUEL U1 O & 0

VtEITS VVE 5Itt *3 k k14 ;
NaLural gas boiler -* .600 3.30 .0 1270.1 206. 522.5

#2 0iX fired boilr -- .500 .00 .0 .0 .0 .0
#6 Oil ftire boitltr - ,Qt 3.67 .0 122.7 208.0 522,L

hicXonizd coaL refit 1 .120 2.07 3177.7 691.9 420.6 696.3

S3lging burner refit 1 .600 2.07 5561.5 691.9 415.6 696.3

Modular SIC refit, 1 790 2.07 6413.8 700.7 405.5 650.0

Stoker firing refit, 1 .760 2.56 3759.5 900.7 405.5 670.4

Col/w4t*r slurry 1 .750 3.00 2175.4 1069.6 405.5 593.6

CoAloil slurry 1 .710 3.50 2573.8 1199.9 322.9 566.2

Lnw t satlfter refit, 2 .679 2.,6 6532.0 1005.4 374.0 931.3

Packaged shell stoker 2 .760 2.56 5631.0 900.7 405.5 766.7

Packaged shell FC 2 .760 2.07 7033.5 721.3 405.5 776.5

Field erected stoker 1 .100 2.56 8326.1 855. 103.0 660.5

Field erected TIC 1 .500 2.07 9152.0 691.9 470.9 679.8

Pulverized coal boiler 1 .520 2.07 9710.9 675.0 475.9 709.6

Cirletlqtint TIC 1 .10 2.07 11087.6 f03,4 403.0 735.1

AIR FORCE MO)=C P)MIVATE M21
LIFE LIFE

CYCLE CYCLE

COST. OIScJXTE.) COST,

COAL DISCOUTED BENEFIT/ PAYLA= DISCOUrNTED BENEFITI

f OF USE, AS SPENT COST PERIDO, AS SPENT COST

TEWOL(Y UNITS tnlvr k3 PATIO Yr . kS RATIO

Natural &gs boilor .. .. 28,224 1.000 4--- Existing system, primary fuel

#2 OIL fired boiler .. .. 0 -

#6 Oil fired boilor .. .- 24,600 --

Micronized coal refit 1 13,057 18,330 1.540 7.9 20,395 1.384

Slagging but-nor refit 1 13,057 20,306 1.390 12.0 23,591 1.196

Hodular FBC refit 1 13,222 20,770 1.359 13.1 24,470 1.153

Stoker firing refit Not applicable because existing boiler was dc ;gned for f5 oil

Coal/water slurry 1 13,927 20,621 1.369 10.4 27,605 1.249

Coal/ol slurry Not evaluated

Low tu gasifier refit 2 15.156 25,423 1,110 22.3 29.322 .963

Packaged shell stoker 2 13,532 22,667 1.245 15.8 25,050 1.083

Packased shell FBC 2 13,744 22,294 1.266 15.8 28,349 1.071

Field erected stoker 1 12,856 23,625 1.195 18.6 28,346 .996

Field erected FBC 1 13,057 23,560 1.198 16.8 28,696 .984

Pulverized coal boiler 1 12,738 24,115 1.170 20.0 29,524 .956

Circti.atin. FEC 1 12,895 24,887 1,134 22.0 30,987 1911

4:20 PH Oct. 21, 1988
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TotL $Lot* ouPuL - 75.0 tulhr

oier capacity fctor .407

1-4r o of unit* ftr rfit - I

HYdrALt4 lime pciC4(1Mton) 40.CO COAL MO MTIXS

Ash disposaL price (S/1Mn) - 10.00 .O.H. S r

Ciectric price (tenLs/kS,) 5.30 Ash fraction % .000 .00

'.bar rate (Wlyr) 35-.00 Sulfur fraction - .020 .020

Lls meone price (0/ton) 20.00 1IHV (Mullb) - 12802. 13000.

run. MXc rMMIuUCK

Natural $as price (SIMtu) 3.80 R.O.H. coal (0110tu) a 2.07

#2 Oil. pries (S/tMU) ".00 Sto)Xer coal (S/?MBt u 2.55

#6 Oil price (8/M1-u) 2.67 CoxltZO mix (SIHSu) - 3.00

OI"I*Z Coal/oil mix (S/Hltu) 44 3.50

Soot blower wjlt~plifir .0
Tube b&.k mnd mlpl.per - .0 Prlury Cue). 1* 3

24%tom ash pit oultiplier -1.0 IiAThICAL GAS
Sol0 control , ltiplior .0 I #d oi1042,2 Oil. 3-80

LD#3TOKCSLTD

Inert fraction .05

Inflation & discounting base year - 1985

Con (nfl. Index (10 7 to base yr) - 1.040

Gas An.le index (1980 to base yr) 1.000

OiL nf14 index (1985 to bast yr) - 1.000

Coal Infla index (1948 to base y) 1.000

Project Start year - 1990

Project Life (yr) 30

Depreciation life (yr) 15

General inflation rate (Zlyr) - 0

Type of gas escalation * &gas

Type of oil escalation - *oil

Type of coal escalation acol

Discount rate (Ilyr) - 10

Rato of return on invest (Zyr) - 17

Amount of working capital (month) - 2

Federal Income tax rate (2) - 34

Local prop tax (& Insur) rate (2) 2

REAL ECALATION RATE (/yr)

TYPE OF FUEL 1988 1990 1995 2000 AND

FUEL ESCALATIOa -19o0 -1005 -2000 BEYOND

Gas e84s 2.28 4.70 5.49 2.75

Oil anil .17 4.16 5.55 2.77

Coal ecoal 1.46 1.78 1.61 .81

4:25 PH Oct 21, 1988
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PEASE Atli I X 75 ltlhr. Y=U. REAL FCALATISM " AXO ,3j
Total sh*m output - 75.0 MBLulhr Cost. base year - 196S

Boller capacity factor - .407 Friam fuel w NATUAL US

Number of units for refit - I

AN(UAL COSTS

# FUEL/ FUEL TOTAL FAINT OTHER

OF STEAM ?lICE CAPITAL FUEL O & 0 0 &

TECNNOLCOY UNITS EFF 1l'3tu kS kS k$ k

Natural gas boiler -" .800 3.80 .0 1270.1 206.8 522.8

#2 Oil fired boiler -- .800 .00 .0 .0 .0 .0

J8 Oil fird boiler -- .000 3.7 .0 1226.7 206.6 522.3

Micronized coal refit 1 .500 2.07 3177.7 601.9 425.6 696.3

Slagging burner refit 1 .800 2.07 5568.5 601.9 426.6 60.3

Modular FTC refit. 1 .790 2.07 0413.4 700.7 405.5 680.0

Stoker firing ref t 1 .760 2.56 3759.5 900.7 405.5 670.4

Coallwater slurry 1 .750 3.00 2675.4 1080.6 405.5 593.8

Coalloil slurry 1 .760 3.50 2573.8 1199.9 322.9 566.9

how Btu sesiffer refit 2 .079 2.56 6532.0 100.6 74.0 931.3

Packaged shell stoker 2 .760 2.56 5631.0 00.7 405.5 765.7

Packaged shell FBC 2 .760 2.07 7033.5 726.3 405.5 778.8

Field erected stoker 1 .800 2.56 8326.1 855.V 403.0 660.5

Field erected FTC 1 .800 2.07 9162.0 691.9 470.9 679.8

Pulverized coal boiler 1 .820 2.07 9710.9 675.0 475.9 709.6

Circulating FbC 1 .810 2.07 11087.6 $83.4 403.0 736.1

AIR FORCE PROJECT PRIVATE PROJECT

LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST,

COAL DISCOUNTED BENEFIT/ PA&PAC DISCOUNTED BENEFIT!

I OF USE, AS SPENT COST PER V)O, AS SPENT COST

TECRNOL CY UNITS tonlyr ks RATIO yr k- . RATIO

Natural gas boiler .. .. 21,797 1.000 <--- Existing system, primary ;uel

#2 Oil fired boiler .. .. 0 --

46 Oil fired boiler .. .. 20,335 --

Micronized coal retit 1 13,057 18,220 1.196 11.7 20,282 1.075

Slasging burner refit 1 13,057 20,195 1.079 19.9 23,477 .928

Modular FEC refit 1 13,222 20,659 1.055 22.6 24,365 .895

Stoker firing refit Not applicable because existing boiler was designed for #6 oil

Coaljwater slurry 1 13,927 20,451 1.066 19.4 22,430 .972

Coal/oil slurry Not evaluated

Low Btu gasifier refit 2 15.156 25,262 .863 >31 29.157 .748

Packaged shell stoker 2 13,532 22,524 .920 >31 25,903 .842

Packaged shell FBC 2 13,744 22,179 .983 ;31 26,230 .831

Field erected stoker 1 12,856 23,489 .928 >31 28,206 .773

Field erected FBC 1 13,057 23.450 .930 >31 28,582 .763

Pulverized coal boiler 1 12,738 24.008 .908 >31 29,413 .741

Circulating FBC 1 12,895 24.778 .880 >31 30,875 .706

4:25 EM Oct 21, 1988
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VV.ASZ A7I, I X 75 Mthr. rUE BMA 13CALATOV ~
Total sta output 75.0 BLtulhr

Boiler capacity factor " .407
Number of units for -sfit - 1

Hydrated lime price(Slton) 40.00 COAL 'ODTES

Ash disposal price (Slton) 10.00 Lli.. St2ker

Electric prico (cents/kWh) 5.30 Ash fraction w .090 .080

ILLbor rate (klyr) 35.00 Sulfur fraction - .020 .020

Limestone price ($1ton) - 20.00 HH'J (Btullb) - 12800. 13000.

FrM PRT= rMS PRICES

HNturaL gas price ($11ttu) - 3.80 R.O.H. coal (St/mtu) - 2.07
#2 Oil price (31tu) - .00 Stoker coal ($/tutu) - 2.55

#6 Oil price ($1HBtu) - 3.57 Coal/1120 mix (/Wtu) - 3.00

OPTIOS CoalloIl mix ($11ttu) " 3.50
Soct blower multiplier - .0

Tube bank mod multiplier w .0 Primary fioL Is 3
Botto ash pit multiplier - 1.0 NATURAL GAS

S02 control multiplier - .0 1'#5 Oil. 2-Z Oil. 3-.G
LUCSTOME/LDI

Inert fraction - .05

EONOMIC PARAETD

Inflation & discounting base year - 1988

Gen infla index (1987 to base yr) - 1.040

Gas infla Index (1988 to base yr) - 1.000

OIL infla index (1988 to bass yr) - 1.000

Coal infla index (1988 to bass yr) - 1.000

Project start year - 1990

Project life (yr) - 30

Depreciation life (yr) - 15

General Inflation rate (Z/yr) - 0

Type of gas escalation - zero

Type of oil escalation - zero

Type of coal escalation - zero

Discount rate (2/yr) o 10

Rate of return on invest (1/yr) - 17

mount of working capital (month) - 2

Federal income tax rate (I) - 34

Local prop tax (& Insur) rate (I) - 2

REAL ESCALATION RATE MXyr)

TYPE OF FUEL 1988 1990 1995 2000 AND

FUEL ESCALATION -1990 -1995 -2000 BEYOND
Gas zero 0 0 0 0

Oil zero 0 0 0 0

Coal zero 0 0 0 0

4:28 PH Oct 21, 1988



IV.A,11Y AF1D, I X 75 Wttuffir. FUVl. REAL 129AWAION P 'Z=
Total t.am output - 75.0 tatuh Cost bass year 1986

Boiler capacity factor - .407 Primary fuel - NATRAL GAS

Nu:ber of units for refit - 1

ANNUAL COSTS
* FUELI FUEL TOTAL PAIN! OTNER

OF STEP . PRICE CAPITAL FUEL O & O & H

TEKfl?.VLC~ UNITS ZEF $?pfl k3 k; k3 k3

iturl. &as boiler -- .800 3.80 .0 1270.1 206.8 522.8

); l fired boiler -- .800 .00 .0 .0 .0 .0

i 011 fired boiler -- .800 3.67 .0 1226.7 206.8 522.8

Hicroni:d coal refit 1 .800 2.07 3177.7 691.9 426.6 605.3

S1agging burner refit 1 .800 2.07 5565.5 691.9 426.6 695.3

Modular FBC refit 1 .790 2.07 6413.8 700.7 405.5 680.0

Stoker firing refit 1 .760 2.56 3759.5 900.7 405.5 670.4

Coallwater slurry 1 .750 3.00 2875.4 1059.6 405.5 593.8

Coalloil slurry 1 .780 3.50 2573.8 1190.9 322.9 568.9

LwBtu xosiffer refit 2 .670 2.56 6532.0 1008.8 374.0 931.3

Packaged shell stoker 2 .760 2.56 5631.3 900.7 40f.5 766.7

Packaged shell F8C 2 .760 2.07 7033.5 728.3 405.5 776.6

Field erected stoker 1 .800 2.56 8328.1 55.7 403.0 660.5

Field erected FSC 1 .600 2.07 9182.0 601.9 470.9 670.8

Pulverized coal boiler 1 .820 2.07 9710.9 G75.0 475.9 709.6

Circulatinx FtC 1 .810 2.07 11087.5 503.4 403.0 736.1

AIR FORCE PSW~ECT PRIVATE PRCIECT

LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST,

COAL DISCOUNTED BENEFIT/ PAYUACK DISCOUNTED BENFEFIT/

# OF USE, AS SPENT COST PERIOD, AS SPENT COST

TECIHWOLY UNITS onlyr lc PTIO yr k3 RATIO--

Natural gas boiler .. .. 15,817 1.000 C-c- Existing system, primary fuel

?2 OlL fired boiler .. .. 0 --

46 01 fired boiler -. . 15,479 --

Micronized coal refit 1 13,057 17,256 .917 >31 19,291 .820

Slaggin8 burner refit. 1 13,057 19,232 .822 )31 22,486 .703

Modular FBC refit 1 13,222 19,683 .804 >31 23,361 .677

Stoker firing refit Not applicable because existing boiler was designed for #6 oil

Coal/water slurry 1 13,927 18.962 .83 >31 20,898 .757

Coal/oil slurry Not evaluated

Low Btu xasifier refit 2 15,156 23,857 .663 >31 27,712 .571

Packaged shell stoker 2 13,532 21,270 .744 >31 24,612 .643

Packaged shell FBC 2 13,744 21,164 .747 >31 25,186 .628

Field erected stoker 1 12,856 22,297 .709 >31 26,980 .585

Field erected FBC 1 13,057 22,486 .703 >31 27,591 .573

Pulverized coal boiler 1 12,738 23,068 .685 >31 28,447 .556

Circulating FBC 1 12,895 23,826 .664 >31 29,897 .529

4:28 PH Oct 21, 1988
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PLATTSBURGH AFB: SAC

1. BACKGROUND

Plattsburgh AFB is located near Plattsburgh, New York. The main
boiler plant (building 2658) has 6 x 50-HBtu/h boilers firing the
design fuel, No. 6 oil. The boiler plant produces pressurized hot
water with temperatures up to about 400'F. The yearly average fuel
use is roughly 83 HBtu/h.

2. HEATING PLANT UNITS

Ileating Plant No. 2658:

4 x 50 HBtu/h, International Boiler Works, 1955
2 x 50 HBtu/h, Combustion Engineering, 1957

3. IDEAL CAPACITY FACTOR ANALYSIS

The ideal capacity factors listed below were calculated from monthly
fuel-use data for plant No. 2658.

FY 1987 FY 1988
Fuel ideal ideal
input capacity capacity
(MBtu/h) factor factor

40 0.96 0.95
50 .1 0.90
70 0.83 0.81
90 0.76 0.75

100 0.73 0.72

4. ENERGY PRICES

FY 1986 Price Data:

Year average End of year

Distillate $5.90/ifBtu Same
Residual $5.08/mBtu Same
Electric $17.3IMBtu = 5.91¢/kWh 6.3€/kWh

C. If. Guernsey and Co. Survey:

The most recent costs from the C. If. Cuernsey and Co. survey agree
with the FY 1986 costs.
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5. COAL PROPERTIES AND PRICES

Stoker RON

Origin Slago, Pa. Slago, Pa.
HllV, Btu/lb 13,000 12,800
X Ash 7-9 8-10
X Sulfur 1.8-2.2 1.8-2.2
X Nitrogen 1.32 1.30
Ash-softening temperature, 'F 2500 2300
Swelling index 6-8 6-8
Top size, in. 1 5/8 2
Bottom size, in. 1/2 0
Fines, X 5
Crindability index 50-55 50-55
Cost at mine, /ton 40 26.50
Delivered cost, $/ton 64.00 50.50
Energy cost, /106 Btu 2.46 1.97

6. ENVIRONMENTAL REGULATIONS

6.1 Air Pollution Emission Limits for New Sources

SO2.  No emission limits for boilers <100 HBtu/h; for boilers
>100 XBtu/h: FBC - 90% reduction to meet limit of 1.2 lb/XBtu;
emerging technology - 50% reduction to meet limit of 0.6
lb/HBtu.

NO, .  No emission Limits for boilers <100 MBtu/h; for boilers
>100 MBtu/h: spreader stoker and FBC - 0.6 lb/MBtu; pulverized
coal - 0.7 lb/MBtu.

Particulates. For boilers >100 HBtu/h: 0.05 lb/KBtu.

6.2 Coal-Pile Runoff

Limit: Total suspended solids - 50 mg/L.

6.3 Ash Disposal

Ashes are classified as nonhazardous solid waste and may be
disposed of in any approved sanitary landfill.

7. OTHER CONSIDERATIONS

None

8. COAL CONVERSION PROJECT OUTLOOK

Based on load data, a refit/replacement project would probably
involve one 50-HBtu/h output (-63 HBtu/h fuel input) boiler. The
overall capacity factor is estimated to be about 76%, assuming 90%
equipment availability.
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8.1 Effect of Environmental Regulations on Selection of Combustion
Technologies

SO, and NOx. Any of the combustion technologies being consid-
ered could be employed WiLhout requiring any measures for NO,
or S02 reduction since the proposed conversion project is
smaller than 100 MBtu/h.

Particulates. Bag filters or electrostatic precipitators would

be required to comply with the particulate emission limits.

8.2 Physical Space and Aesthetics

Heating Plant. The existing boiler plant was originally
designed for No. 6 oil, so return to stoker is not possible.
There is space available for installing coal-combustion equip-
ment at the existing boiler or for construction of a new boiler
at another site on base.

Coal-Handling Equipment. There is space available for install-
ing coal-handling equipment at the existing boiler.

Coal Pile. There is space available for a coal pile at the
existing boiler plant or at a new site on base.

8.3 Technical Risk of Combustion Technologies

The existing boilers are designed for No. 6 oil-firing and
therefore are not suitable for conversion to stoker-firing. The
least teachnical risk would be for installation of a new stoker
boiler. The refit technologies would have greater technical
risks because of lack of operating experience, and all of them
would be of the same order since no SO2 removal is necessary.

9. COGENERATION PROJECT OUTLOOK

The prospects for a coal-fired cogeneration system appear to be
interesting. The minimum average monthly electrical load is fairly
low, 3.2 HWe, but the price of electricity is moderately high,
6.3c/kWh. Based on the FY 1986 energy-use data, a cogeneration
plant with a boiler rating of 64-HBtu/h output and a 3-NWe turbine-
generator would have an electrical power capacity factor of 90% and
a peak thermal output of 40 HBtu/h, with a thermal energy capacity
factor of about 65% if used as a baseload heating plant. A water-
tube boiler with a steam rating of 1200 psia and 900*F would be the
most suitable boiler for this cogeneration system.
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10. INP'UT AND LC:C SLW.ARY SPREADSHEETS

PLATTSUIM AnI! I X 50 H10tuthr, ZCQSLe4IC ?r6Mt&M NfKAL YALUU

Total stoom output. 50.11 Hstu/hr
Boiler capacity factor -.78'4

lumbr of units for refit, I
Htydrated lime priceCS/ton) 40.00 CAL *1O0IMTI

Ash disposal price (3/ton) 10.00 L2ALM stokqz
Electric price (cents/kI41%) 8.30 Ash traction * .090 .080

Labor rat* (kS/yr) ~.35.00 S%31tur traction -. .020 .020

Limestone price (S/ton) 20.00 UPW (Du/lb) - 12500. 13000.

Natwral gas price (5/tl~tu) A.00 R.O.H. coal (SIM~tu) -1.97

#2 OIL price (SjZtLu) -. 00 Stoker coal (S/l0tu) %2.46

i6 Oil price (3Imatu) a3.67 Coal/112O mix (S3001.u) -3.00
OPTIONS Coal/ol mix (8It0tu) -3.50

Soot blow~er multiplier - .0
Tube bank mod multip'.er - 1.0 Primary fuel Is I

Bottom ash pit multiplier -1.0 #6 FUEL OIL
S02 control multiplier w.0 145 OIL. 2-#2 0il1, 0

Inert fraction .. .05

MOUC PAAMJJrIMS
Intlation A, discounting base year 1985

Gen Intla index (1957 t2 base yr) "1.040

Gas intla Index (1988 to base yr) 1.000

Oil intla Index (1985 to bAse yr) 1.000
Coal Intl. index (1988 to base yr) 1.000

Project start year a1990

Project life Cyr) a30

Depreciation lite (yr) 15
Ceneral Inflation rate Msyr) -0

Type ot gas escalation * gas

Type ot oil escalation m toil.
Type of coal escalation wecoal

Discount rate, (2/yr) - 10
Rate ot return on Invest (1/yr) - 17

Amount of working capital (month) -2
Federal Income tax rate M a 34

Local prop tax (& insur) rate (1) - 2

RAL ESCALATXONI RATE (Ilyr)
TYPE OF FUEL 1o88 1990 1995 2000 AND

FUEL ESCALATION -1990 -1995 -2000 MEOW1D

Gas eggs 3.89 8.87 5.77 5.77
oil soil 4.86 7.87 4.115 4.16

Coal scorn. 1.16 2.31 1.19 1.19

2:19 PH4 Jan 4. 1989
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MATTSI&M A.i I X 10 tituihr. VOWCHIC PARA~TTHZIMM 'C VALMe

Total steam output ' 50.0 ttulhr Cost base year 1 t9H3

Boilr capacity £actor .784 Primary fuel - #6 1 OIL

$umabsr of units for ef it 1

AK'4VAL CosT

# FUELI FUEL TOTAL PAINT OTlIEA

OF STW R ?ICE CAPITAL FUEL O & M O & "

TEC11"LQGY kfhITS -2FF !jIM~tu IrS Ir Its k3S

Natural gas boiler -. ,800 .00 .0 .0 .0 .0

#2 0IL fired boiler -- .800 .00 .0 .0 .0 .0

#5 Oil ftred boiler ", .600 3.7 .0 1535.1 165.4 491.1

Micronized coal ref t 1 .600 1.97 2554.4 024.0 368.2 674.7

Slogging burner refit 1 .800 1.97 4442.6 024.0 3568.2 674.7

plodular FIC refit, 1 .790 1.07 5111.7 8534.5 350.4 650.3

Gtoker firing efit 1 .760 2.46 3034.9 1083.2 350.4 636.2

Coal/w4ter slurry 1 .750 3.00 2585.4 1338.5 350.4 565.7

Coaloill slurry 1 .780 3.50 2131.1 1501.6 279.0 538.2

L- Btu -stfier t. 1 .679 2.6. 4169.9 1213.1 323.2 610.4

PackaSed shell stoker 1 .760 2.46 3547.4 10853.2 350.4 630.2

Packaged shelL TbC 1 .760 1.97 4523.8 867.4 350.4 650.9

Field roct~qd sto= 1 .800 2.46 6497.4 1029.0 38.3 625.7

Field erected FC 1 .800 1.97 7133.3 824.0 407.0 650.1

PuLverized coaL boiler 1 .520 1.07 7562.3 503.9 '11.2 676.6

Circtlatint FEC 1 .810 1.97 8473.6 813.9 308.3 726.2

AIR FO CE 1PO3ECT PRIVATE PRWELT

LIFE LIFE

CYCLE CYCLE

COST, DISCOUrTE COST.
COAL DISCOUNTED BENEFIT/ PAYAC DICOUNTED BENEFZTI

# OF USE. AS SPENT COST PERIOD, AS SPENT COST
TECHNOLOGY UNITS tonlyr 0I RATIO Yr krP PATIO

NaturaL gas boiler .. .. 0 --

#2 Oil fired boiler .. .. 0 --

#6 Oil fired boiler - - 28.680 1.000 -- Existtng svsm. pre.Art fue

Hicronized coL refit 1 16,339 18.358 1.562 5.6 20,121 1.425

Slogging burner refit 1 16,339 19,919 1.440 8.3 22.645 1.266

Modular FC refLt 1 18,546 20,220 1.418 9.1 23,280 1.232

Stoker firing refit. Not applicable because existing boiler was designed for #6 oil

Coallwater slurry 1 17,429 22,183 1.293 9.1 24,070 1.192

Coal/oiL slurry Not. evaluated

Low Btu gasiier refit 1 18,966 23.853 1.196 13.9 26.602 1.074

Packaged shell stoker 1 16,935 21,141 1.357 8.8 23,467 1.222

Packaged shelL FC 1 17.199 20,047 1.431 8.5 22,816 1.257

Field erected stoker 1 16,088 22,972 1.248 13.4 26,785 1.071

Field erected FBC 1 16,339 22,298 1.286 12.8 26,401 1.086

Pulverized coal boiler 1 15,941 22,709 1.253 13.7 27,033 1.061

Circulating FBC 1 16.138 23.301 1.231 15.0 28,085 1.021

2:19 PH Jan 4, 1989
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PLATTMUM An, I X 50 Hrttihr. TUM1.U.L I LATIIN - AMt! 1067

Total ateam output. " 50.0 ttulhr

Boiler capacity factor - .704

Number of units for refit *4 1
Hydrated lime price(lton) - 40.00 COAL ZPO!11T12S
Ash disposal price (3lton) 10.00 R.O.H. Sttker

Electric price (cantslkWh) - 6.30 Ash fraction " .090 .080
Labor rate (klyr) " 35.00 Sulfur fraction ' .020 .020

Limestone price (Seton) - 20.00 fHfV (Stullb) - 12800. 13000.

tnUL "U1CS rUr rICz=
Natural gas price (Slatu) .00 R.O.H. coal (3110tu) 1.97

02 OIL price (3/l=tu) .0 Stoker coal (3/MStu) - 2.46
f8 Oil price (cSiPtu) 3.67 CoallUO mix (Slatu) ,, 3.00

OPTIONS Coaloil, nix (5l'tu) - 3.50
Soot. blower multiplier .0

Tube bsan mod multiplier - 1.0 Primary fuel In I

Bottom eash pit multiplter - 1.0 #8 FUEL OIL
S02 control multiplier % .0 1-18 Oil. 2-2 Oil., 3-G

LlhIESTON!/Lif
Inert fraction " .05

SWCtO(IC rAXRnVM

Inflation & discounting base year w 1988
Gan infla index (1287 to base yr) n 1.040
Gas Infla Index (1985 to bass yr) - 1.000

Oil Infla index (1288 to base yr) " 1.000

Coal infla index (1988 to base yr) - 1.000

Project start year - 1900
Project life (y:) - 30

Depreciation life (yr) - 15
General inflation rate (Ilyr) " 0

Type of ga escalation m egas
Type of oil escalation w soil

Type of coal escalation a ecoal

Discount rate (Ely:) - 10

Rate of return on Invest (2lyr) w 17
Asount of workling capital (month) -2

Federcl income tax rate (M) w 34
Local prop tax (& insur) rate (I) - 2

RFAL EISCALATIO14 RATE (Zfvr)
TYPE OF FUEL 1988 1g90 1995 2000 AND

FUEL ESCALAT101. -1990 -1995 -2000 BEYOND

Gas egas 2.28 4.70 5.49 2.75
Oil foil .17 4.16 5.55 2.77

Coal ocoal, 1.46 1.76 1.61 .81

11:48 AM Jan 11, 1989
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rLTT$UIcS ha! I X S MItu hr. FUEL ZSCALATO(W A O lt7

Total &team output - 50.0 0tqulhr Cost, base year * 1955

boiler capacity factor - .764 Primary fueL ff FUEL OIL

Number of units for refit - I

ANNUAL CO37

FUEL/ FUEL TOTAL MAINT OTHER
OF STUi TRICE CAPITAL FUEL 0 0 & M

TZCIINOLOY _ UNITS VT $ItGtu k$ kS k3 kS

Natural ga boiler -- .100 .00 .0 .0 .0 .0

#2 Oil fired boiler -- .100 .00 .0 .0 .0 .0

46 Oil tirid boiler .600 3.67 .0 .533.1 165.4 491.1
Hicronized coal refit 1 .400 1.97 2554.4 624.0 368.2 614.7

Slagging burner refit 1 .400 1.97 4442.6 124.0 368.2 674.7

modular TIC refit 1 .790 1.97 5111.7 134.5 350.4 650.3

Stoker firing refit 1 .760 2.46 3rA4.9 1083.2 350.4 636.2

Coallwater slurry 1 .750 3.00 2505.4 1338.5 350.4 565.7

Coal/oil slurry 1 .760 3.50 2131.1 1501.6 279.0 536.2

Low31tu gaeifier refit 1 .679 2.48 4169.9 1213.1 323.: 610.4

Packsged shell stoker 1 .750 2,46 3547.4 1013.2 350.4 636.2

Packaged shell FIC 1 .760 1.97 423.4 667.4 350.4 650.9

Field erected stoker 1 .800 2.46 6497.4 1029.0 345.3 625.7

Field erected TIC 1 .600 1.97 7133.3 624.0 407.0 650.1

tulverized coal boiler 1 .820 1.97 7562.3 803.9 411.2 676.6

Circuleting FDC 1 .110 1.97 8473.6 613.9 345.3 716.2

AIfl FOCE 12OECT PIVATE FROJCT

LIFE LIFE

CYCLE CYCLE

COST, DIS<XCU D COST,

COAL DISCOUNTED BENEFIT/ PAY3XK DISCOUNTED BENEFIT/

# OF USE, AS SPENT COST PERIOD, AS SPENT COST
T=CHIIOLOGY UNITS tonlyr V$ RATIO yr is PATIO

Natural gas bor .. .. 0 --

#2 Oil fired boiler .. .. 0 --

#5 Oil flzed luv.ler .- - 23.343 1.000 4--- 2xisting systt. Primary fuel
Hicr..,ized coal refit 1 16,339 18.227 1.281 8.7 19,987 1.168

Slagging burner refit 1 16,339 19,786 1.160 13.4 22.510 1.037

Nodular FBC refit 2 16,546 20,067 1.162 14.6 23,144 1.009

Stoker firing refit Not applicable because existing boiler was designed for #6 oil
-' Coal/water slurry 1 17,429 21,970 1.062 19.7 23.852 .979

Coal/oiL slurry Not evaluated

Low Btu sesifier refit 1 18.965 23.790 .01 2-31 26.193 .681

Packaged shell stoker 1 15,935 20,269 1.113 16.1 23,290 1.002

Packaged shell FBC 1 17,199 19,909 1.172 13.8 22.674 1.029

Field erected stoker 1 16,086 22,809 &.023 26.6 26,617 877

Field erected FEC 1 16,339 22,167 1.053 23.1 26,265 .889

Pulverized coal boiler 1 15,941 22,581 1.034 25.4 26,901 .88

Circulatinx FEC 1 16.138 23.172 1,007 -_29,6 27.951 .835

11:48 A Jan 11, 1909
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MATTME0tk AMI I X 50 lttlhr. M FU IA MMt, AATT2!_=JM~t

Totl SUeM output " 30.0 Mtulhr

Bailer capacity factor - .754

Huber of units for refit - I

tydrated 1ea prc#($1ton) -0.00 COAL tIrMTIES

Ash disposal price (S/lon) MC 8 COoHt i0xjs t

Electric price (cont/kth) 5.30 ACh ofaction .00 .050

Labor rate leyr) - 35.0 Sulfur (raclon .020 .020

Llmston* price (3lton) 20.00 riV (tulb) i 1260A. 3000.
t s pICES FUEL UCES

144tuT41 944 Price (31HSLU) -.00 X.O.M. coa1 ($1/Mtu) •1.97

#20OIL price (S/H~tu) -. 00 Stoker coal (31V~tu) 2.40

#5 Oil price (31MBLU) A 3.67 CosLl112Omix (C1/Mtu) .3.00

OPTIONS Coalloll. mix 13IM~tu) -3.50

Soot. blower multiplier " .0

Tube bank mod multiplier - 1.0 PrimaryI f-491, IsI

Bottom ash pit mltiplier " 1.0 #0 FUEL OIL

S02 control. multiplier - .0 1*06 Oil. 2Z O11, 3,ING

LDCSTOWEILD
Inertf raction - .05

Inflation A discounting base year - 1985
Gan inEla index (1907 to base yr) * 1.040
Can Infl4 index (198 to base yr) - 1.000

Oil Infl* index (1988 to base yr) 1.000

Coal infla Index (1988 to base yr) 1.000
Project start year - l99o

Project life (yr) 30
Depreciation life (yr) - 15

General Inflation rate (Ilyr) " 0

Type of gas escalation " zero

Type or oil escalation - zero
Type of coal escalation - zero

Discount rate (Zlyr) - 10

Rate of return on invest (2/yr) a 1'
Amount. of working capital (month) - 2

Federal Income tax rate (2) - 34
Local prop tax (M Inaur) rate (2) n 2

REAL ESCALATION RATE (I2yr) A
TYPE OF FUEL 1988 1990 1995 2000 AND

FUEL ECALATION -1990 -1995 -2000 BEYOND

Gas zero 0 0 0 0

Oil zero 0 0 0 0

Coal 2aro 0 0 0 0

11:52 AM Jan 11. 1989
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!IATSSJRI Afl? I X 50 IUtutr. FE REA ICALAT1O~E - E

Total. steR output - 50.0 M2Lu/hr Cost base year " 1986

Boller capacity factor - .764 rimary fuel #6 FIUL. OIL

Number oun iLts for refit . I

k)(1UAL COTS

# FUEL/ FUZZ, TOTAL HAINT OTHilt

OF STEM.9 t1ICE CAPITAL FUEL 0 & H 0 & H

JtEVflCL2:.Y UNITS -EF? VF~ttu ks k$ IcS k
Natural , as boiler .00 .00 .0 .0 .0 .0

#X OiL fired boiler .800 .00 .0 .0 .0 .0

#60il fire64 bllr -- .00 3.67 .0 1535.1 16 .4 491.1

icroniaod coal refit 1 .100 1.97 254.4 824.0 368.2 674.7

Sloggin burner refit 1 .800 1.97 4442.8 624.0 368.2 674.7
Modular rc refit 1 .790 1.97 5111.? 834.5 350.4 650.3
Stoker firing refit 1 .?60 2.46 3034.9 1003.2 350.4 633.2
Coallwater slurry 1 .750 3.00 2586.4 1338.5 3W0.4 565.7

Coaloil slrlu 1 .710 3.50 2131.1 1501.0 279.0 538.2
Low- Btu tesifier rofit 1 .679 2.46 4160.9 1213.1 323.2 810.4

Packaged shell stoker 1 .760 2.46 3547.4 1083.2 3SO.4 638.2

Packajod shell FIC 1 .760 1.97 4523.8 867.4 350.4 650.9

Field erected stoker 1 .800 2.46 6497.4 1029.0 346.3 625.7

Field erected FDC 1 .800 1.97 7133.3 824.0 407.u 650.1

Pulverized coal boiler 1 .820 1.97 7562.3 803.9 411.2 676.6

Circuletina EIC 1 .810 1,97 8473.6 613.9 345.3 716.2

AIRjL~*E PPO3ECT PR1VATE PfMECT

LIFE LIFE

CYCLt CYCLE

T, DISCOUT.D COST.

COAL DI"COUTED IENFIT/ FAYSACK DISCOUNTED IENEFIT/

* OF USE, AS SPZIT COST PM21OO. AS SPENT COST

TECINOL0OY UNITS tbnlye ,I RATIO Yr . RATIO

Natural gas boiler .. .. 0

#2 Oil. fired boiler .. .. 0

#6 Oil fired boiler -- - 17.265 1.000 c--- ExlstlnI systee. grinary fuIl

Hicronized coal refit 1 16,339 17,079 1.011 21.3 16,d06 .916

Slaging burner refit 1 16.339 18,640 .926 >3I 21,330 .09

Modular MC refit 1 16,546 16,925 .912 )31 21.949 .787

Stoker firing refit Not applicable because exisLing boiler was designed for 06 oil

•Coal/water slurry 1 17,429 20,106 .859 Z31 21,934 .787

Coalloil. slurry Hot evaluated

Low Btu asilfier refit 1 16.906 22.101 .761 >31 . _ ,756 .697

Packaged #hell stoker 1 16,935 19,461 .857 :31 21,738 .794

Packaged sheIl MIC 1 17.199 16.701 .923 >31 21,432 .806

Field erected stoker 1 18,088 21.375 .808 >31 25.143 .687

Field erected FIC 1 16.339 21,019 .821 >31 25.086 .688

Pulverized coal boiler 1 15,941 21,462 .804 >31 25,750 .671

Circuletinx TIC 1 16.138 22,038 .783 W2 Z6,786 .645

11:52 AM Jan 11. 1989
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U3AF ACADEMY: USAFA

1. BACKGROUND

The USAF Academy is located 10 miles north of Colorado Springs,
Colorado. There are two boiler plants of significance at the
Academy, both of which produce pressurized hot water. Natural gas
is the primary fuel, and No. 5 fuel oil (150,000 MBtu/gal) ;* the
reserve fuel. All boilers are water-tube type, and were designed
for No. 5 oil/gas firing. Only plant No. 2560 was considered in the
LCC analysis. The yearly average fuel use at plant No. 2560 is
roughly 64 HBtu/h.

2. HEATING PLANT UNITS

Heating Plant No. 2560:

3 x 100 XBtu/h, Combustion Engineering, 1957
80 HBtu/h, Boiler Engineering and Supply Co., 1968

Heating Plant No. 8026:

2 x 30 MHtu/h, Combustion Engineering, 1957

3. IDEAL CAPACITY FACTOR ANALYSIS

The ideal capacity factors ltsted below were calculated from monthly
fuel-use data for plant No. 2560.

FY 1986 FY 1987
Fue! ideal ideal
input capacity capacity
(HBtu/h) factor factor

50 0.87 0.90
60 0.82 0.86
70 0.79 0.81
80 0.75 0.76
90 0.70 0.72
100 0.64 0.65
110 0.58 0.59

4. ENERGY PRICES

FY 1986 Price Data:

Electricity = 3.5c/kWh at year end
Natural gas = $3.8/IBtu
No. 5 oil = very little purchased
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C. It. Guernsey and Co. Survey:

Electricity a 3.Sc/kWh
Natural gas - 3.5/MBtu
No. 5 oil - no value given

Letter from USAF Academy (10/5/88):

Electricity = 3.760/kWh
Natural gas ; 2.56/MBtu

No. 5 oil = 0.65/gal - *4.33/NBtu

The gas contracm is interriptible, but the gas supply ii rarely

interrupted.

5. COAL PROPERTIES AND PRICES

Stoker ROM

Origin Axial, Colo. Axial, Colo.
HIIV, Btu/Lb 118000 10,700
% Ash 4.3 4.9
X Sulfur 0,42 0.36
% Nitrogen 1.39 1.39
Ash-softening temperature, *F 2300 2300
Swelling index 0 . 0
Top size, in. 1 1/2 2
Bottom size, in. 3/8 0
Pines, % 10-15
Crindability index 50 50
Cost at mine, $/ton 22 15
Delivered cost, $/ton 32 25
Energy cost, ^/106 Btu 24.45 1.17

6. ENVIRONMENTAL REGULATIONS

6.1 Air Pollution Emission Limits for New Sources

SO,. No emission limits for boilers <100 HBtu/h; for tlers
>100 MBtu/h: FBC - 90% reduction to meet limit of 1.2 lb/
MBtu; emerging technology - 50% reduction to meet limit of
0.6 ib/HBtu.

NOx . No emission limits for boilers <100 XBtu/h; for boilers
>100 HBtu/h: spreader stoker and FBC - 0.6 lb/HBtu; pulverized
coal -0.7 lb/HBtu.

Particulates. For boilers >100 MBr 1.05 lb/MBtu.

6.2 Coal-Pile Runoff

Limit: Total suspended aolids - 50 mg/L.
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6.3 Ash Disposal

Ashes may be disposed of in special disposal sites owned by
private contractors with a permit called "Certificate of Desig-
nation'."

7. OTHER CONSIDERATIONS

Heat plant No. 2560 is capable of producing 425 psig hot water but
operates at about 185 psig. The design pressure for heat plant
No. 8026 is 275 psig.

8. COAL-CONVERSION PROJECT OUTLOOK

A coal refic/replacement project would involve the 80-MBtu/h output
(-O0-MBtu/h fuel input) unit in plant No. 2560. The overall capac-
ity factor for a project of this size is estimated to be 58%,
assuming 90% availability.

8.1 Effect of Environmental Regulations on Selection of Combustion
Technologies

SO2 and NO.. Any of the combustion technologies being consid-
ered could be employed without requiring any measures for NOx  L

or SO2 reduction since the proposed conversion project is
smaller than 100 MBtu/h.

Particulates. Bag filters or electrostatic precipitators would

be required to comply with the particulate emission limits.

8.2 Physical Space and Aesthetics

Heating Plant. The existing boiler plant was originally
designed for No. 5 oil. There is only space available for
installing coal-water-mixture combustion equipment at the
existing boiler or for construction of a new boiler at another
site on base.

Coal-flandling Equipment. There is no space available for
installing dry coal-handling equipment at the existing boiler
plant, but there is enough space for installing coal-water-
mixture equipment.

Coal Pile. There is no space available for a coal pile at the
existing boiler plant, but there is space at another site on
base for a coal pile and a new coal-fired boiler.
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8.3 Technical Risk of Combustion Technologies

The existing boilers are designed for No. 5 oil or gas firing.
The technical risk is fairly high because of limited experience
of coat-water-mixture firing of No. 5 oil-designed boilers.

9. COGENERATION PROJECT OUTLOOK

Cogeneration would probably not be economical at this base because
of the low electric power rates.



226

10. INPUT ANID LCC SUMMARY SPREADSHEETS

USA? ACADDVT: I X 80 MLty/lr. ECOSSCKXC PAZMITURS NCnfIAL VALUL

Total steam output % 80.0 H1tulhr

Boiler capacity factor * .580

Number of units for refit. 1
Hydrated lime price($1ton) 40.00 COAL lUorMTIL

Ash disposal price ($/ton) 10.00 RJ * SEtr

Electric price (centslkWh) 3.60 Ash fraction .049 .043

Labor rate (kblyr) - 35.00 Sulfur fraction - .004 .004

Limestone price (S/ton) * 20.00 W (Stuflb) 10700. 11000.
rmI PR.ICES FUm Falr

NaturaL gas price ($1M!tu) w 2.358 R.O.M. coal ($1Mtu) - 1.17
02 Oil price ($/MHtu) - .00 Stoker coal (S/Mltu) 1.45

#5 OIL price ($/13tu) w 3.67 Coal/320 mix (S1ttu) 3.00

OPTIONS Coal/oiL six ($/lMtu) - 3.50

Soot blower multiplier a 1.0

Tube bank mod multiplier " 1.0 Friaxy fuel Ia 3
Bottom ash pit multiplier " 1.0 .IATURAL GAS

S02 control multiplier u .0 1-46 01L, 2-#2 Oil., 3-NG

LM STOfE/Lime

Inert fraction w .05

EOIaIC PANRAifTES

Inflation & discounting base year - 1988

Gen infla index (1987 to bass yr) - 1.040

Gas infla index (1988 to base yr) a 1.000

Oil infla index (1988 to base yr) - 1.000

Coal infla index (1988 to base yr) - 1.000

Project start year - 1990

Project life (yr) - 30

Depreciation life (yr) - 15

General inflation rate (2/yr) - 0

Type of gas escalation - @gas

Type of oil escalation - eoil

Type of coal escalation - ecoal

Discount rate (Z/yr) - 10

Rate of return on invest (1/yr) - 17

Amount of working capital (month) - 2

Federal income tax rate (2) - 34

Local prop tax (& insur) rate (2) - 2

REAL ESCALATION RATE (l/vr)

TYPE OF FUEL 1988 1990 1995 2000 AND

FUE ESCALATI11 -1990 -1995 -2000 BEYOND
Gas agas 3.89 8.87 5.77 5.77

OiL eoil 4.86 7.87 4.16 4.16

Coal ecoal 1.16 2.31 1.19 1.1g

10:57 AM Oct 24, 1988
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tZJE DDW* I X M0 NUtOIhr. X OUH1C EaRM1DB - VKIXA VLU 19M

Total 5teA output - 80.0 Hltu/hr Cost base year - 109

loller capacity factor - .590 Primary fuel - NATURAL GAS

Number of units for refit - 1

ANNUAL COSTS

# FUMLI FUEL MAL HAINT OHlER

OF STEAM PRICE CAPITAL FUEL O &H O & H

TECKNOLOGY UNITS EFF . Hatu kS kS kS kS

Natural gas boiler -- .800 2.51 .0 1360.7 214.2 522.7

#2 Oil fired boiler -- .600 .00 .0 .0 .0 .0

#6 Oil fired boiler -- .800 3,67 .0 1654.7 214.2 522.7

Micronized coal refit 1 .800 1.17 3469.2 594.5 436.9 692.0

Saging burner refit 1 .600 1.17 5951.6 594.5 436.9 692.0

Modular FEC refit 1 .790 1.17 6136.9 602.0 415.0 675.1

Stoker firing refit 1 .760 1.45 3815.8 775.5 415.0 665.0

Coal/uater slurry 1 .750 3.00 3552.0 1625.9 415.0 587.8

Coalloil slurry 1 .780 3.50 2996.5 1623.9 330.5 560.6

Low Btu sasifitr refit 2 .579 1.45 5668.1 686.5 32.6 901.1

Packaged shell stoker 2 .760 1.45 5720.5 775.5 415.0 752.4

Packaged shell FBC 2 .760 1.17 7205.4 625.7 415.0 773.0

Field erected stoker 1 .600 1.45 8553.7 736.7 412.5 656.6

Field erected FBC 1 .500 1.17 9561.0 594.5 482.0 675.0

Pulvarl . coal boiler 1 .820 1.17 10107.7 580.0 467.0 706.6

Ckrculatin& FBC 1 .610 1.17 11575.6 557.1 412.5 734.1

AIR FORCE PROJECT PRIVATE PROJECT

LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST,

COAL DISCOUNTED BENEFIT/ ?AYIACK DISCOUNTED BENEFIT/

# OF USE, AS SPENT COST PERIOD, AS SPENT COST

IE40LoG~y UNITS tonlyr k3 RATXO yr - k AI

Natural gas boiler .. .. 25,827 1.000 <--- Existing system, primary fuel

#2 Oil fired boiler .. .. 0 --

#6 Oil fired boiler .. .. 34.,30 ""

Hicronized coal refit Not applicable because of apace limitations

Slagging burner refit Not applicable because of space limitations

Modular FBC refit Not applicable because of space limitations

Stoker firing refit Not applicable because existing boiler was designed for #5 oil

Coallwater slurry 1 25,325 26,416 1.091 22.7 26,892 .996

Coalloil slurry Not evaluated

Low Btu gasifier refit Not applicable because of spece limitations

Packaged shell stoker 2 24,310 21,623 1.333 13.3 25,020 1.152

Packaged shell FBC 2 24,992 21,534 1.339 13.9 25,651 1.124

Field erected stoker 1 23,095 22,847 1.262 16.4 27,710 1.040

Field erected FBC 1 23.742 23,024 1.252 17.1 28,329 1.016

Pulverized coal boiler 1 23,163 23,632 1.220 18.3 29,220 .987

Circulatins FDC I 23,4411 24,460 1,179 20.1 30,786 .936

10:57 AM Oct 24, 1988
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UIAM A=D Y D I X 80 il4bhr. TVL RFA. L A TTOII AX 1987

Total. steam output" 80.0 I0tulhr

Boiler capacity factor f .560

Number o units for refit m I

Hydrated lime price(Slton) a 40.00 WVAL i9O17MTIIS

Ash disposal price (8/ton) - 10.00 L2J±I. Stokor

Electric price (cents/klh) " 3.10 Ash fraction - .049 .043

Labor rate (kSlyr) % 35.00 Sulfur fraction - .004 .004

Limestone price (8/ton) % 20.00 hUV (Btu/lb) - 10700. 11000.

1UrM ilIC IU. ?ICU

Natural gas price (3/lMtu) Z.5 R.O.H. coal ($/l tu) - 1.17

#2 OIL price (31MBtu) - .00 Stoker coal (31/htu) - 1.4S

#6 Oil price ($/H4tu) 3.07 Coal/H20 mix ($Imtu) - 3.00

OPTIONS Coalloil mix ($/hBtu) - 3.50

Soot blower multiplier - 1.0

Tube bank mod multiplier - 1.0 Primry fuel is 3

Bottom ash pit multiplier - 1.0 NATURAL G43

S02 control multiplier - .0 14-8 Oil. 2-#2 Oil., 3-NO

LIESTM0 /LII.

Inert fraction - .05

ZI!4HIC PARA * VS

Inflation & discounting base year - 1988

Gen Infla Index (1987 to base yr) - 1.040

Gas infla index (1988 to base yr) w 1.000

Oil Infla index (1988 to base yr) w 1.000

Coal infla Index (1988 to base yr) - 1.000

Project start year 1990

Project life (yr) - 30

Depreciation life (yr) - 15

General inflation rate (Z/yr) a 0

Type of gas escalation - egas

Type of oil escalation - eoil

Type of coal escalation - ecoal

Discount rate (Z/yr) - 10

Rate of return on invest (Zlyr) - 17

Amount of working capLtal (month) a 2

Federal Income tax rate (Z) - 34

Local prop tax (& Insur) rate (2) - 2

REAL ESCALATION RATE (IXyr) 4
TYPE OF FUEL 1988 1990 1995 2000 AND

FUEL ESCALATION -1990 -1995 -2000 BEYOND

Gas @gas 2.28 4.70 5.49 2.75

Oil oil .17 4.16 5.55 2.77

CoaL scoal 1.46 1.76 1.61 .81

11:05 AM Oct 24, 1988
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USAF ACADUr I X 10 titultir. MU? EL7CALATTON jAZ IO

Total s*tem output 80.0 H3tulhr Cost base year m 1958
Boiler capacity factor m .350 Primary fuel NATU.AL CAS

Number of units for refit - I

ANNUAL CISTS

* FUELI FUEL TOTAL MAINT OTHIE
OF STEIM PRICE CAPITAL FUEL O & H O & H

TECHNOLOOY UITS IFF $1Mgu U3 kS kS ckS

Natural gas boiler .800 2.55 .0 1300.7 214.2 522.7

#2 OL fired boiler -- .600 .00 .0 .0 .0 .0

46 Oil fired boil r -- .800 3.67 .0 1864.7 214.2 22.7
Micronized coal refit 1 .800 1.17 3469.2 504.5 436.9 692.0
Slogging burner refit 1 .800 1.17 5951.8 594.5 436.9 692.0

Modular FBC refit 1 .790 1.17 6828.9 602.0 415.0 675.1

Stoker firing refit 1 .760 1.45 3815.8 775.5 415.0 665.0
Coallwater slurry 1 .750 3.00 3552.0 1625.9 415.0 587.8

Coaljllol slurry 1 .780 3.50 2905.5 1823.0 330.5 560.6
Low ts, aesifier refit 2 .679 1.45 6668.1 898.5 302.6 901.1

Packaged shell stoker 2 .760 1.45 5720.5 775.5 415.0 762.4
Packaged shall FEC 2 .7C0 1.17 7205.4 625.7 415.0 773.0

Field erected st~ker 1 .800 1.45 603.7 736.7 412.5 656.6

Field erected FBC 1 .600 1.17 0561.0 594.5 482.0 675.0
Pulverized coal boiler 1 .820 1.17 10107.7 580.0 487.0 706.6

Circulatin t C 1 .810 1.17 1157:.8 587.1 412.5 734.1

AIR FRCE PROECT PAIVATE PFROECT
LIFE LIFE

CYCLE CYCLE

COST, DISCOUNTED COST,
COAL DISCOUNTED BENEFIT/ PAYBACM DISCOUNTED BENEFIT/

* OF USE, AS SPENT COST PERIOD, AS SPENT COST
TECHNOLOGY UNITS tonlyr k2 RATIO yr II RATIO
Natural eas boiler .. .. 22,246 1.000 <--- ExLsting system, primary fuel
#2 Oil fired boiler .. .. 0 --

#6 Oil fired boiler .. .. 27.897 --

Hicronized coal refit Not applicable because of space limitations

Slagging burner refit Not applicable because of space limitations
Modular FBC refit Not applicable because of space limitations
Stoker firing refit Not applicable because existing boiler was designed for #5 oil
Coal/water slurry 1 25,325 26,157 .850 >31 28,627 .777

Coal/oil slurry Not evaluated

Low Btu tasifier refit Not applicable because of space limitations ,,

Packaged shell stoker 2 24,310 21,500 1.035 24.7 24,893 .894
Packaged shell FBC 2 24,992 21,435 1.038 24.8 25.548 .871

Field erected stoker 1 23,095 22,730 .979 >31 27,589 .506
Field erected FBC 1 23,742 22,929 .970 >31 28,232 .788
Pulverized coal boiler 1 23,163 23,540 .945 >31 29,125 .764

Circulatinx FBC 1 23,449 24,366 .913 >31 30,690 .725
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UW K-ARI rL 6 $0 Mtuthr. r RA ISCALTIO- Z

st e am output. , 80.0 Etmu/hr
Boiley capacity factor ..580

NUIrbor Of wIls for rot., it 1
Hydrated Itme price(3fton) 40.00 COAL I01MTrUM
Ash disposal price (5/ln) - 10.00 k
Elqcttle price (cants/kWh) - 3.60 Ash fraction - oA .043

'&bor rate (kS/yr) " 35.00 Sulfur fraction - .004 .004 A
L1meston price (S/ton) - 20.00 HXV (Wu/lb) - 10700. 11000.

FUM MICES FUm M1CZ5
Natural Sas price ($/.Su) " 2.58 R.O.H. cool (31atu) - 1.17

#2 Oil price ($1p5tu) .ft,00 3toker cool (8/?0tu) - 1.45
#8 Oil price (3013tu) - 3.67 CoAl/H2O mix ($1Htu) - 3.00

OrllONS CoaLIoiL mix (Sl/ttu) - 3.50
Soot blower multiplier - 1.0

Tube bar.k mod multiplier - 1.0 rzLafz7 tfael. In 3
Bottom ash pit multiplier - 1.0 NATUNAL GAS

S02 control oultipli/r " .0 1-6 oil, 2-#Z oil, 3-1S
LDSTOI/LDI

Inert fraction 91 .05

ZCOMUC P4 , . SnS
Inflation A discoutng base year - 195
Gen infla index (1957 to bas yr) - 1.040
Gas nfla index (1988 to base yr) - 1.000
Oil infla index (1018 to bass yr) - 1.000

Coal infla index (1014 to base yr) - 1.000

Project start year - 1990
Project life (yr) - 30

Depreciation life (yr) - 15
General inflation rate (X/yr) - 0

Type of &am escalation - zero
Type of oil eacalstion - zero
Type of coal escalation a zero

Discount rate (/yr) - 10
Rate of return on invest (I/yr) - 17

Amount of working capital (month) - 2
Federal income tax rate (Z) - 34

Local prop tax (4 insur) rate (I) - 2

.R AL X2 .M ATION RATE (l2yr)
TYPE OF FUEL 1988 logo 1995 2000 AD

FUEL ECALATON -1990 -1995 -000 BEYOND
Gas zero 0 0 0 0
Oil zero 0 0 0 0Coal zero 0 0 0 0
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USJCAF T.-.DDI; X 10 MIL t'hr. . RUAL CALATIOI - ZEtO
Total stesa output - 50.0 'tAu/hr Coat base year - 1911

lollsr capacity tactor - .540 Primary fuel - tU TLO.AL GAS

Number of uilts for refit I

# FUE. Furm TOTAL HAT OlM
o STEAM mtiCE CAPITAL FUmL 0 & 0 4 H

T C'nNLOG, LNITS rTF Sltu kS ks $ ¥5

Natural gas boiler -- .500 2.56 .0 1300.7 214.2 522.7
#2 Oil fired boiler -- .100 .00 .0 .0 .0 .0

#6 Oil fired bol l -- .00 3.67 .0 1164.7 214.2 522.7

Micronized coal refit 1 .100 1.17 3469.2 594.5 436.9 622.0

S1lging burner refit 1 .500 1.17 5951.6 594.5 436.9 692.0

Modular F&C refit 1 .790 1.17 6828.0 602.0 415.0 675.1

Stoker firing refit, 1 .760 1.45 3515.8 775.5 415.0 665.0

Coallwater slurry 1 .750 3.00 3552.0 1525.9 415.0 587.5

Coal/oll slurry 1 .780 3.50 2996.5 1823.9 330.5 560.6

Low Btu assifier refit 2 679 1.45 6666.1 866.5 352.8 001.1

Packaged shell stoker 2 .760 1.45 5720.5 775.5 415.0 762.4

Packaged shell TIC 2 .760 1.17 7205.4 625.7 415.0 773.0

Field erected stoker 1 .800 1.45 8663.7 736.7 0?2.5 656.6

Field erected FBC 1 .100 1.17 9561.0 594.5 482.0 675.0

Pulverized coal boiler 1 .820 1.17 10107.7 580.0 487.0 706.6

Circulstinx TBC 1 .810 1,17 11575.8 587.1 412.5 73.l1

AIR TORE MWMEC PRIVATE PROJECT

LIFE LIFE

CYCLE CYCLE
COST, DISCOUNTED COST,

COAL DISCOUNTED BENEFIT/ PAYBACK DISCOUNTED BENEFIT/

# OF USE, AS SPENT COST PERIOD, AS SPENT COST

TjECH.VlY UNITS tonlyr k$ RATIO Yr kS RATIO
Natural gas boiler 16,122 1.000 <--- Existing system, primary fuel

E2 Oil fired boiler ... 0--

46 Oil fired boiler .- .. 20,515 --

Micronized coal refit Not applicable because of space limitations

Slagging burner refit Not applicable because of space limitations

Modular FBC refit Not applicable because of space limitations

Stoker firing refit, Not applicable because existing boiler was designed for 45 oil

Coal/water slurry 1 25,325 23,893 .675 >31 26,298 .613

Coal/oil slurry Not evaluated

Low Btu esiflir refit Not soplicable because or space limitations
Packaged shell stoker 2 24,310 20,420 .790 >31 23,782 .678

Packaged shell FBC 2 24,992 20,563 .784 >31 24,652 .654

Field erected stoker 1 23,095 21,703 .743 >31 26,534 .600

Field erected FBC 1 23,742 22,101 .729 >31 27,380 .589

Pulverized coal boiler 1 23,163 22,732 .709 >31 28,295 .570

Circulating FEC 1 23,449 23,549 .685 >31 - 29,84D .540
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